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ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

This project is divided into two parts to better define operations that are land
based and freshwater in nature (part 1) and those operations that take place at
sea and are marine based (part 2).

1 NAME OF UNDERTAKING PART 1

“Placentia Bay Atlantic Salmon Aquaculture Project”

“Part 1”7
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ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

2 PROPONENT PART 1

2.1 Name of Corporate Body:

Grieg NL Nurseries Ltd.

2.2 Address:

205 McGettigan Blvd.
P. O. Box 457
Marystown NL

AOE 2MO

2.3 Chief Executive Officer:

Name: Knut Skeidsvoll

Official Title: General Manager

Address: P. O. Box 457, 205 McGettigan Blvd., Marystown, NL, AOE 2MO
Cell Number: (709) 538 7313

Telephone Number: (709) 279 3440

2.4 Principal Contact Person:

Name: Clyde Collier

Official Title: Project Manager & Director

Address: P. O. Box 457, 205 McGettigan Blvd., Marystown, NL, AOE 2MO
Cell Number: (709) 538 7413

Telephone Number: (709) 279 3440
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ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

3 THE UNDERTAKING PART 1

3.1 Nature of the Part 1 Undertaking:

This undertaking is a construction and operation of a Recirculation
Aquaculture System (RAS) Hatchery for Atlantic salmon (Salmo salar) in the
Marystown Marine Industrial Park on Lots 7, 9, 11, 13, and 15. The facility,
once constructed, will produce 1,800,000 smolt of Atlantic salmon (Salmo
salar) 300 grams in May, 2,400,000 smolt of 450 grams in July, 1,800,000 at
600 grams in October for full cycle production and 1,000,000 smolt at 1,500
grams in April for a seasonal production. This will be a biosecure facility and
all access and supplies will be of a controlled nature. The smolt from the RAS
Hatchery will be sold to Grieg NL Seafarms Ltd. for a sea cage operation, a
sister company.

3.2 Purpose/Rationale/Need for the Part 1 Undertaking:

The purpose of the project is to produce the disease free seed stock for the sister
company Grieg NL Seafarms Ltd. The Marystown site is ideal in that it
provides suitable groundwater and land adjacent to the Mortier Bay for ease of
loading unto a wellboat with minimal handling and without having to truck the
fish. Production of the salmon smolt locally in the Province provides for ease of
permitting Introduction and Transfer Licenses. The facility will provide for a
critical asset in the farming production of Atlantic salmon in Newfoundland
and Labrador and adding greatly to the prosperity of the Province. The use of
water and land for the project are a part of the renewable and sustainable
resources of the Province making this a pastoral project. The project is a very
important piece of a network of assets that will provide much needed
sustainable employment to rural Newfoundland and Labrador. The project will
provide profit to its shareholders, business opportunity to suppliers,
wholesome food to customers, and finally tax revenue to the Municipality, the
Province and the Country.
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PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

3.3 Alternatives to the Part 1 Undertaking:

There are no alternatives to the undertaking as it is proposed in Marystown for
Newfoundland and Labrador without compromising:

1. Management Efficiency -- by creating distance between various
operations of hatchery, marine farms, and processing;

2. Economics -- by creating greater distances for transportation; and,

3. Fish Health -- by inducing more handling and for longer periods. The
proposed location of the facility in Marystown is adjacent to marine farms
on the south coast.

At the start of the assessment of the project, including hatching and
smoltification, consideration was given to the southwest and west coasts of
Newfoundland. The Hydrogeology of the west coast including the Codroy Valley
and Bay St. Georges was studied for possible hatching and smoltification
facilities. There appeared to be adequate supplies of suitable groundwater
resources on the west coast. The consideration of building hatching and
smoltification facilities on the west coast was rejected because it was more
distant from the intended customers than the Marystown aquifer. Hatchery
and smoltification development was given full consideration to the most
economical and animal welfare sensitive solution in Marystown rather than
700 kilometers away on the west coast.
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PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

4 DESCRIPTION OF THE UNDERTAKING PART 1

4.1 Geographic Location Part 1:

Part 1 of the project will be undertaken at serviced Lots 7, 9, 11, 13, and 15
adjacent to the Marine Industrial Park Access Road from the Buin Peninsula
Highway Route 210 in Marystown. For the purpose of the Aquaculture License
Application the estimated central location was stated as N47¢ 10.741” W55°
08.271°. The area combined for all lots is 10.2455 hectares. The exact location
is provided in the figures below:
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Figure 1 - Location of Hatchery Provincial Perspective
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Figure 2 - Location of Hatchery Regional Perspective
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Figure 3 - Location of Hatchery Aerial Perspective

Proposed RAS Hatchery Site
Marystown Industrial Park
Lots 7,9, 11, 13 and 15

4.2 Physical Features of the Area Part 1:

4.2.1 Major Features of Part 1 of the Undertaking:

The main features of Part 1 of the undertaking will be a parking lot and the
buildings -- Hatchery, Smolt Nursery, and Smolt Landbase. The lots are
already serviced with 3 phase power, municipal water and sewer, and a paved
access road.
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Figure 4 - Picture of Service to the Hatchery Lots
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4.2.2 Area to be Affected by Part 1 of the Undertaking:

The area affected by part 1 of the undertaking is 10.2455 hectares. A digital
rendition of the site is presented in the figure below.

Figure 5 - Area Affected by the Part 1 Undertaking
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ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

4.2.3 Existing Biophysical Environment of Part 1:

4.2.3.1 Topography for Part 1

The project site is located within the Maritime Barrens Eco-region (6) and Sub-
Region Southeastern Barrens. This is identified as 6B in the Figure below. It
encompasses much of the Burin and Avalon peninsulas. The Department of
Natural Resources describes the Eco-region as follows:

“The Maritime Barrens Ecoregion extends from the east coast of
Newfoundland to the west coast through the south central portion of the
island. This ecoregion has the coldest summers with frequent fog and
strong winds. Winters are relatively mild with intermittent snow cover
particularly near the coastline. Annual precipitation exceeds 1250 mm.

The landscape pattern consists of usually stunted, almost pure stands of
Balsam Fir, broken by extensive open heathland. Good forest growth is
localized on long slopes of a few protected valleys. The development of the
extensive heath landscape was precipitated by indiscriminate burning by
European settlers. Railways in the nineteenth century also had a
significant impact on fire frequency in the eastern part of the region. The
heaths are dominated by Kalmia angustifolia on protected slopes where
snow accumulates and by cushions of Empetrum nigrum or Empetrum
easmesii on windswept ridges and headlands.

Attempts to afforest these heaths with Picea sitchensis have been
unsuccessful, but Eastern larch and Scots Pine may have potential for
fuelwood stands (Hall 1986). However, site selection is critical because the
historical removal of forest has deflected the natural tree line to low
elevations. Wind, lack of protective snow cover and soil frost disturbance
are important factors limiting plantation establishment in this ecoregion.”

The Department of Natural Resources describes the Southeastern Barrens
Sub-region as follows:

“In this sub-region the landscape is dominated by heathlands and the
forest only occurs in small acreages which escaped fire. The dominant
heath shrub on uplands is Empetrum nigrum with Kalmia angustifolia
forming a dense cover only in protected valleys.

The topography is generally undulating with shallow heavily compacted till
and numerous large erratics. The Clintonia-Balsam Fir type is most
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ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 1: PLACENTIA BAY ATLANTIC SALMON AQUACULTURE PROJECT

common where the forest is still present. Good forest growth only occurs in
a few large protected valleys where the Dryopteris-Balsam Fir type
dominates the slopes. Good specimens of Yellow Birch are also found in

these stands.”

Figure 6 - Newfoundland Eco-regions
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The elevation of the project site ranges from 58 M above sea level near the west
side of the Marine Industrial Park, to sea level at Powers Cove, with some
moderate-to-steep-sloping hillsides towards the east and north.
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The industrial park area is dominated by a moderate to dense vegetation cover
with the exception of the road consisting primarily of balsam fir, with some
spruce and juniper.

AMEC Foster Wheeler (AMEC) in their Aquifer Testing Report in support of this
application (see Appendix A) described the superficial geology of the Site
“consists of vegetation concealed thin veneer (<1.5M) of glacial till and angular
frost heaved bedrock (Batterson and Taylor, 2007).” AMEC described the
bedrock geology “Marystown lies within the Avalon tectonostratigraphic zone
and is underlain by mafic to acidic volcanic rocks and minor sedimentary rocks
of the Mortier Group. Rocks in the area have undergone region-scale folding
related to Devonian Acadian orogenesis and form the core of a broad regional
northeast — southwest trending anticline, referred to as the Burin Anticline. A
series of joint sets and fracture zones occur within rocks underlying Marystown
and are related to deformation (JWEL, 2008).” AMEC further describes the
bedrock geology as “The Creston Formation of the Mortier Group underlies the
Site and is dominated by 500 M of basaltic flows with subordinate acidic
pyroclastic and sedimentary rocks with an estimated thickness of 550M. The
basalts are highly amygdaloidal and green to purple. The pyroclastic and
sedimentary rocks of the Mortier Group are acidic; although locally they have
high concentrations of mafic debris giving the rocks a greenish colour and
intermediate composition (Strong et al., 1977).”

The area east of the proposed development is characterized by the very deep
water of Powers Cove in Mortier Bay. The shoreline is a mix rock and gravel.

Jone’s Brook is separated from the property by a 15-meter buffer. This is a
very small brook in Zone 10 and is not a Scheduled Salmon River. There are
no impacts to this brook from this development.

The property has an old overgrown road that is not being used even for
recreational purposes called “Old Mooring Cove Road”. The Town of Marystown
have applied to the Department of Transportation and Works for
decommissioning.

Prior to the commencement of part 1 of this undertaking under this application
the Town of Marystown will complete the clearing and grubbing of the lots as
per their undertaking that was released in August 2008 with Registration
number 1387.
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4.2.3.2 Climate of the Part 1 Area

The following table provides the most recent month by month data for the
nearby Environment Canada weather station in Winterland 15 kilometers from
the project site. This is from the most recent year that complete data was
available, 2007:

Table 1 - Monthly Climate Data Winterland Station 2007

Mean Mean Extreme | Extreme
Max Min Average Max Min Total
Month Temp Temp Temp Temp Temp Precip
January 0.6 -5.6 -2.5 10.3 -14.9 166.0
February -2.8 -8.6 -5.7 4.9 -15.2 128.5
March 1.8 -6.1 -2.2 7.8 -14.1 78.5
April 5.7 -2.3 1.7 11.6 -9.2 54.5
May 11.2 1.2 6.2 18.9 -2.4 74.0
June 16.1 7.0 11.6 25.5 -1.8 64.0
July 20.9 12.2 16.6 30.2 6.5 227.0
August 20.5 11.9 16.3 24.9 6.8 59.0
September 17.0 7.7 12.4 20.9 2.6 72.5
October 11.9 4.5 8.2 19.0 -1.9 93.5
November 8.1 0.5 4.3 14.2 -6.8 225.5
December -0.3 -6.2 -3.3 7.5 -15.1 159.0
Total 1402.0
Average 9.2 1.4 5.3
Extreme 30.2 -15.2
4.2.3.3 Historical Resources of Part 1 Area

The Town of Marystown did a Historic Resources Assessment in 2005 for the
project site; this assessment did not reveal any significant cultural or historic
resources within the area. Appendix C is attached for full detail.

4.2.3.4 Groundwater Resources for Part 1

AMEC Foster Wheeler Environment & Infrastructure prepared an “Aquifer
Testing Report” to describe the groundwater resources available for use with
this undertaking. The report is available in Appendix A. The drilled well is 200
mm in diameter and 128 meters deep and is capable of a sustainable flow of
1,208 liters per minute of withdrawal. The undertaking has a calculated water
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use of 25 liters per minute in the Nursery and 175 liters per minute in the
Smolt Landbase for a total of 200 liters per minute. The proposal for the
facilities by AquaMaof (Appendix D) have a conservative 50% buffer on the
estimated water use taking it to 300 liters per minute or about 25% of the
water available from the well. The water in the system is managed with a
99.5% recirculation rate and 0.5% is removed with the sludge and is then
further processed to dewater the sludge and return the water after ozone
treatment back into the facility systems. Thus, there is no water effluent from
the facility.

4.2.3.5 Species at Risk for the Part 1 of the Project

All activities in Newfoundland and Labrador must comply with Canada’s
Species at Risk Act (SARA) and then further provincially with Newfoundland
and Labrador’s Endangered Species Act. The “Species at Risk” are collectively
a part of SARA’s Public Registry, the list of the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC), and the list of Newfoundland and
Labradors Species Status Advisory Committee (SSAC). There is a general
overlap of prohibitions under both jurisdictions for Species at Risk; however,
there are some differences in terminology or definitions. Federally species are
referred to as Extirpated or Extinct, Endangered, Threatened or Special
Concern. The Provincial definitions are the same with the exception of Special
Concern and are referred to as Vulnerable.

The proponent has consulted with the Atlantic Canada Conservation Data
Centre (ACCDC) for an expert opinion. The ACCDC offer the following opinion:

“Within your study area, there were 2 rare animal records found. These
records were 2 Harlequin Duck observations, a species which is
Vulnerable under our provincial Endangered Species Act (ESA) and
Special Concern under COSEWIC. A new addition to our standard data
requests is the use of Expert Opinion Maps. These maps are the result of
our work with species-specific experts to gather suggestions about
locations where species at risk - either provincially or COSEWIC listed -
may be found. While we don't have observations in our database for
these species within your study area, our Expert Opinion Maps suggest
that Banded Killifish, Short-eared Owls and Boreal Felt Lichen are
possible. Your area is also said to be within the Barrow’s Goldeneye’s
range.”
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Table 2 — Atlantic Canada Conservation Data Centre — Rare Fauna in the 5
Kilometer Range of Part 1 of the Undertaking

OBSERVATION | GNAME GCOMNAME | FAMILY Observer Total Number
Histrionicus Harlequin
1 | histrionicus Duck Anatidae 0 1
Histrionicus Harlequin
2 | histrionicus Duck Anatidae 0 1
Month Day Year SRANK NRANK
1 11 27 1984 S3B,S2N N3N4
2 2 10 1995 S3B,S2N N3N4
General
GRANK Status COSEWIC_ST | PROVINCIAL | SARA
Special Special
1 G4T4 Secure Concern Vulnerable Concern
Special Special
2 G4T4 Secure Concern Vulnerable Concern
SITE NAME Accuracy SYNAME CITATION IDNUM
Montevecchi
1 Mooring Cove 0 list mstr1006348
Montevecchi
2 Mooring Cove 0 list mstr1006349
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Figure 7 - Atlantic Canada Conservation Data Centre — GIS Scan Rare
Fauna within 5 Kilometers of Part 1 of the Undertaking
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According to the advice of ACCDC and from Table 2 above there is one bird on
COSEWIC’s Schedule 1 list for the Atlantic Ocean that have the ability to
frequent the nearshore of the project area. This is the Harlequin Duck (Special
Concern) Histrionicus histrionicus. In the list of plants and animals prepared
by the Department of Fisheries and Oceans (DFO) for its “Integrated
Management Planning Placentia Bay” the Harlequin Duck is listed as an
exceptional visitor. This project is adjacent to but not directly on or in
Placentia Bay. No effluent from this project will enter Placentia Bay. Under the
both SARA and ESA the prohibitions do not apply to species of Special Concern
or Vulnerable. Further impacts to this species from this project are unlikely.

According to expert opinion provided by ACCDC the Banded Killfish Fundulus
diaphanous may occur near the project site. The species occurs on the Burin
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Peninsula at Garnish Pond at 5.25 kilometers distance and Freshwater Pond at
10 kilometers distance from the project site. This species is considered
Vulnerable or of Special Concern. These waterways are not connected to the
project area. Under the both SARA and ESA the prohibitions do not apply to
species of Special Concern or Vulnerable. Further impacts to this species from
this project are unlikely.

According to expert opinion provided by ACCDC the Boreal Felt Lichen
Eroderma pedicellatum may occur in vicinity of the project site. This species is
considered Vulnerable or of Special Concern. It has been found mainly in two
population hotspots on the Avalon Peninsula and in Bay d’Espoir; 96% of all
occurrences. Research at Memorial University of Newfoundland (MUN) on
predictive modelling of the species indicate that coastal regimes as near the
project site are the least likely occurrence habitats. Under the both SARA and
ESA the prohibitions do not apply to species of Special Concern or Vulnerable.
Further impacts to this species from this project are unlikely.

According to expert opinion provided by ACCDC the Short-eared Owl Asio
flammeus may occur in vicinity of the project site. This species is considered
Vulnerable or of Special Concern. Any and all of Newfoundland and Labrador
has suitable habitat for this owl. The species decline has been noted in other
provinces but the population is stable in Newfoundland and Labrador.
According to publications by the province’s Department of Environment and
Conservation’s Wildlife Division the population is in Newfoundland limited by
prey availability. Under the both SARA and ESA the prohibitions do not apply
to species of Special Concern or Vulnerable. Further impacts to this species
from this project are unlikely.

According to expert opinion provided by ACCDC the Barrows Goldeneye
Bucephala islandica may occur in vicinity of the project site. This species is
considered Vulnerable or of Special Concern. The species’ population in
Eastern North America mostly overwinter in the St. Lawrence estuary. They
summer along boreal forest lakes near the St. Lawrence waterway. Under the
both SARA and ESA the prohibitions do not apply to species of Special Concern
or Vulnerable. Further impacts to this species from this project are unlikely.

There is one other rare species of flora known on the Burin Peninsula that is
listed as Species at Risk and that is the Water Pygmyweed Tillaea aquatica.
The Water Pygmyweed is located on the Burin peninsula at Point May, Pieduck
Point, Taylor’s Bay and Garnish. This species is considered to be of Special
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Concern or Vulnerable. This species does not occur in or near the project area:
Garnish is the closest approach at 17.75 kilometers distance away. Under the
both SARA and ESA the prohibitions do not apply to species of Special Concern
or Vulnerable. Further impacts to this species from this project are unlikely.

There is a species of bird that is considered a general habitant of insular
Newfoundland and Labrador and thus could potentially enter the project area
and that is the Red Crossbill of the percna subspecies Loxia curvirostra percna.
They are considered a nomadic species and their preferred habitats are mature
forests of black spruce and balsam fir. This particular Species at Risk is
considered Endangered. The COSEWIC status report of 2004 indicated an
estimate of 500 to 1,500 individuals remain. The Department of Environment
and Conservation indicate that the sighting of the last nest was in 1977 but
that some juveniles were spotted in 2005. The cause for the decline of this
species has been attributed to the loss of habitat through forestry operations
and the introduction of the Red Squirrel Sciurus vulgarus to the island of
Newfoundland. The presumption is that the Red Squirrel is out-competing the
Red Crossbill for the food resource; namely, seeds of balsam fir and black
spruce. The Red Crossbill has not been seen in vicinity of the project area and
the preferred habitat does not present itself at the project area. Further
impacts to this species from this project are unlikely.

There are three species of marine fish, and they are all wolfish, on COSEWIC’s
Schedule 1 list for the Atlantic Ocean that have the ability to frequent the
nearshore of the project area. They are the Atlantic Wolfish (Special Concern)
Anarhichas lupus, Northern Wolfish (Threatened) Anarhichas denticulatus, and
Spotted Wolfish (threatened) Anarhichas minor. In the list of plants and
animals prepared by the Department of Fisheries and Oceans (DFO) for its
“Integrated Management Planning Placentia Bay” these marine fish are not
listed. This project is adjacent to but not directly on or in Placentia Bay. No
effluent from this project will enter Placentia Bay. Further impacts to these
species from this project are unlikely.

There is one reptile on COSEWIC’s Schedule 1 list for the Atlantic Ocean that
have the ability to frequent the nearshore of the project area. This is the
Leatherback Sea Turtle (Endangered) Dermochelys coriacea. In the list of
plants and animals prepared by the Department of Fisheries and Oceans (DFO)
for its “Integrated Management Planning Placentia Bay” the Leatherback Sea
Turtle is listed as an exceptional visitor. This project is adjacent to but not
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directly on or in Placentia Bay. No effluent from this project will enter
Placentia Bay. Further impacts to this species from this project are unlikely.

There are two marine mammals from COSEWIC’s Schedule 1 list for the
Atlantic Ocean that have the ability to frequent the nearshore of the project
area. They are the Fin Whale (Special Concern) Balaenoptera physalus and the
Blue Whale (Endangered) Balaenoptera musculus. In the list of plants and
animals prepared by the Department of Fisheries and Oceans (DFO) for its
“Integrated Management Planning Placentia Bay” these whales are listed. This
project is adjacent to but not directly on or in Placentia Bay. No effluent from
this project will enter Placentia Bay. Further impacts to this species from this
project are unlikely.

In summary, the project site will be a developed industrial lot prior to initiation
of this project. The project, a RAS hatchery with 100% efficiency in water
management and thus there are no water effluents released during operation.
The project is entirely enclosed with only the building exposed to the elements.
Windows are minimal in the building for control of day length for the fish; thus
opportunities for fauna to fly into windows is absolutely minimal. The water
used in the facility will be drawn from a deep well in the Marystown aquifer and
thus streams and lakes are not impacted. Escape or accidental release of stock
from this land based facility is not possible, therefore the undertaking poses no
risk to local stocks. Considering all these factors it is very unlikely that the
project will pose further impacts to Species at Risk or other flora and fauna
from the area not at risk. The project is designed to be maximally sustainable
to the environment in which it finds itself.

4.2.3.6 Potential Sources of Resource Conflict for Part 1 of the
Project:

It is fully anticipated that there will be no resource conflicts as a result of this
project. The facilities of the project are fully enclosed with 100 % recirculation
and water reuse without effluent and thus not impacting Placentia Bay. Other
typical resource users are aquaculture and fishing activities. There are no
aquaculture sites or commercial fishing activities within the Mortier Bay area.

4.2.4 Artist’s Conceptual Drawings of Part 1 of the Project:

The conceptual drawings are as follows:
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Figure 8 - Hatchery
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Figure 9 --Smolt Nursery
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Figure 10 - Smolt Landbase
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Figure 11 - Complete RAS Facility
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4.3 Construction Part 1:

4.3.1 The Approximate Construction Period of Part 1:

The Project construction period is approximately 18 months starting in March
of 2016 and finishing at the end of August, 2017.
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Figure 12 - The Approximate Construction Period of Part 1
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4.3.2 The Proposed Date of First Physical Construction of Part 1:

The proposed date of first physical construction is immediately after this
process. This is provided that all other licenses, permits, authorizations and
titles are in place. Other licenses would include the Aquaculture License, the
Water Use Authorization, the Municipal Building Permit, and the transfer of
Land Title from the Town of Marystown with ancillary Municipal Tax
Agreements. The proposed date is expected to be April 1st, 2016, with
construction completing December 31st; 2017. Farming operations will
commence part way through the construction project and in August, 2017 with
first smolt available for sale in May, 2018.

4.3.3 Potential Sources of Pollutants Part 1 Construction Period:

There is some potential that the construction equipment could encounter fuel
and or gear oil spillage. Federal guidelines for fuel storage and handling will be
followed. Equipment used during construction will be visually inspected daily
before starting work to monitor for minor leaks. All minor leaks will be
attended to immediately and the offended area cleaned. A spill kit will be on
hand to absorb minor spillages. The overburden will have been already
removed by the Town of Marystown under their previously released
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undertaking 1387 and thus erosion due to rain runoff is not a factor. There
will be human waste that will be managed with a portable outhouse and a
chemical toilet. These human wastes will be disposed of at the Burin
Peninsula Waste Management facility near Jean de Baie. The construction
wastes will be disposed of with the Regional Waste Management facility as well.
It is anticipated that the sources of pollutants during the construction period
will be finite and short lived.

Consideration is given to the following sources of pollution during the
construction period:

Noise: Load noises will be generated by the construction equipment.
Workers adjacent to load generated noises will wear suitable ear
protection. The construction activity is not taking place adjacent any
residential or active commercial properties and it is not anticipated that
noise will be a concern. It is not anticipated that noise generated by the
project will impact the surrounding environment or human, animal,
avian or aquatic life.

Dust: Dust and particulate matter will be generated by the project
construction. The project area is of basalt rock and with very little soil to
create dust and particulate matter. For those areas where soil capable of
producing dust is exposed the area will be covered with gravel. Aggregate
on site will be covered to minimize dust. Materials carried unto the site
for construction will be covered to minimize dust. It is not anticipated
that dust generated by the project will impact the surrounding
environment or human, animal, avian or aquatic life.

Vehicle and Construction Equipment Emissions: The Company
anticipates that land construction will require an excavator, a tractor,
and a dump truck (heavy construction equipment). The heavy
construction equipment and transport vehicles will use diesel and
gasoline and will release carbon dioxide into the atmosphere. The
vehicles and heavy equipment used on the project will be cleaned in in
good repair at all times. Vehicles will not be fueled or serviced on the
project site. Heavy equipment will have a designated refueling area. All
vehicles and heavy equipment will follow regular maintenance
requirements for optimization of fuel efficiency to minimize emissions.
Idling of vehicles and heavy equipment will be kept to a minimum. It is
not anticipated that increased vehicular traffic or heavy equipment use
by the project will impact the surrounding environment or human,
animal, avian or aquatic life.
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4.3.4 Potential Causes of Resource Conflicts Part 1 Construction:

There are no resource conflicts related to the construction of the project. The
project is well of the main highway and will not conflict with vehicular traffic.
The project does not take place in or on Mortier Bay and thus there are no
impacts to recreational fishers or boaters.

4.4 Operations Part 1:

4.4.1 Description of the Operations Part 1:

The operation will be a Recirculation Aquaculture System (RAS) with 100%
recirculation with make-up water to overcome losses to evaporation. The
facility will be operated to manage vapour pressure to minimize evaporation
losses. The facility will not have any effluent. Water chemistry will be
managed with the use of heterotrophic and autotrophic biofilters. The facility
will have the capacity to produce 1,800,000 smolt of Atlantic salmon (Salmo
salar) 300 grams in May, 2,400,000 smolt at 450 grams in July, 1,800,000 at
600 grams in October for full cycle production and 1,000,000 smolt at 1,500
grams in April for a seasonal production. All stocks entering the facility will
meet the approval of the Canadian Food Inspection Agency (CFIA) and the
provincially and federally guided committee for Introductions and Transfers.
Fish leaving the facility will only do so with permission from the Introductions
and Transfers committee. The facility will be able to manage salinity at
different life stages to suit the fish to eliminate the confines of smoltification
windows. This means that fish can be transferred to the marine environment
at any time with appropriate temperatures rather than confined to narrow
natural smoltification windows in May and June of the year. Escape from the
facility is not possible in as all drains go to the heterotrophic biofilter and all
water flows are under anaerobic conditions for 45 minutes.

The management of this RAS facility intend to monitor and control the
operation’s employee safety protocols, environmental sustainability, and
production traceability under a recognized international certification referred to
as Best Aquaculture Practices (BAP) http://bap.gaalliance.org/ .
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4.4.1.1 Design Processes Part 1:

The proposed system design and floor plans as attached in Appendix E are
AquaMaof’s standard design and adapted for salmon smolt production which
includes the recirculation pump, ODS, fish production tank, solids settler,
controlled intermittent flow trickling (CIFT) biofilter (which includes CO2 gas
stripping), and harvest channel. The system operations are described in detail
in the AquaMaof Facility Proposal as attached in Appendix D. Smolt growth
will require 4 months from 2.5 grams to 50 grams. After 2 months of growth
the fish will be redistributed in the tanks to maintain less than 81 kg/Ms3 fish
biomass for this first 2 months of smolt growth.

The water circulation system is designed for a single pumping step to complete
the recirculation. These pumps are submerged vertical turbine type pumps.
These pumps provide high efficiency pumping (80% or greater) at 9.4 meters of
head. The recirculated water flows from the pump into the ODS (oxygen
dissolving system).

The ODS is designed to provide high dissolved oxygen concentration with a
small amount of pumped head pressure (about 0.3 M head pressure).
Improved dissolving of oxygen can be attained with the following methods: 1)
increase of water pressure where oxygen bubbles are dispersed; 2) increase of
residence time of oxygen bubbles in the water; 3) oxygen gas bubble size,
smaller bubbles result in more gas to water surface area; and 4) water
temperature, colder water results in higher oxygen concentrations at 100%
saturation and warmer water results in faster dissolving rate. The ODS
obtains the increased pressure with the column of water and injection of the
oxygen gas near the bottom of the column, thereby attaining higher water
pressure without costly pumping. The residence time for allowing the oxygen
bubbles to dissolve is attained in the ODS by creating a flow of water counter
to the flow of oxygen bubbles. The AquaMaof ODS allows for low head
requirement for dissolving oxygen and attaining oxygen concentrations
sufficient to eliminate oxygen concentration as a limiting factor in design of
water flow volume. This ODS design has capability to attain oxygen
concentrations up to 40 mg/liter, which is an over design safety factor to
assure oxygen will never be a limiting factor for the fish and capability to
maintain above 90% saturation at all times.

Oxygenated water flows from the ODS directly into the fish production tank
with the water added tangentially at the outer edge of the tank at a slight
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downward angle which creates circular water flow in the tank and distributes
water from near the surface to the tank floor. Circulated water flow leaves the
tank from the drain stand-pipe at the center of the tank. The stand-pipe is
perforated starting 30 cm from the tank bottom to the normal operating water
level. This reduces the potential for any full blockage or plugging of the exit
screen.

The fish tank is the first step in solids removal. The tank acts as a clarifier and
has a drain trap around and below the central drain pipe. This sediment trap
collects settled solids that are moved towards the center of the tank bottom by
the circular water flow in the tank. This sediment trap is not a continuous flow
but is drained 1-2 times per day significantly reducing the amount of water
sent out with the settled solids. The settled solids and water in the trap are
sent directly to the water re-use treatment and is not part of the recirculation
water flow. The main recirculation water flows into the tank main drain pipe
and directly into the solid waste settler distribution channel via gravity with
minimal turbulence or bends in the pipe.

The second step in the solids removal process is the solids settler with a design
concept adapted from the potable water industry used for removal of fine
particulates. The settling basin is rectangular with the floor sloped to a center
drain. Water is evenly distributed across the basin approximately 0.5 M above
the floor from the distribution channel with pipes. A large portion of the solids
settle on the floor of the basin and water flows upward through the tube settler
media (Brentwood ACCU-PAC IFR 6036) and into water collection launderers
and by gravity is distributed through the spray nozzles of the CIFT biofilter.
Solid waste accumulated in the settler basin and on the settler media is
periodically drained and washed from the media and basin into the discharge
waste treatment. The exact schedule depends upon solid waste loading and
can range from once every 4 days to once every 10 days.

There are several advantages of this solids removal process compared to other
methods. First, there are no continuously moving parts that need maintenance
or replacement. Second, this method has capability to remove very fine
particles compared to mechanical screen methods which tend to increase the
amount of fine particles. Third, this process will result in denitrification when
managed on a proper draining schedule. The schedule for cleaning is adjusted
after several months of operation to allow for stabilizing the denitrification
process. The schedule will have longer intervals between cleaning in the early
phase of operation then a regular schedule will be established which is in the
range of 1 time per week.
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The CIFT biofilter is the next step in the water recycle process. This is a
trickling filter adapted for stripping carbon dioxide from the water and using a
controlled and intermittent water flow over the media. The depth of media
(Brentwood ACCU-PAC CF 1200) is 6 meters to provide maximum nitrification
(removal of ammonia) with a single pass of water flow. This depth also allows
for movement of carbon dioxide bound in the alkalinity buffer to free CO> as
the carbon dioxide concentration is reduced in the water with counter flowing
air. With this method the system can strip more mg/liter CO> from the water
than exists as free COz in the fish tanks. The hydraulic loading across the
entire biofilter for CO2 stripping is 7.8 M3/hour/M?2, an order of magnitude less
than hydraulic loadings typically used in COg stripping by other companies.

The hydraulic loading on the trickling filter is designed for the optimum wetting
of all surfaces of the biofilter media (14.6 M3/hour/M?2). This loading is
intermittent to obtain additional treatment advantages. The use of air
circulation through the biofilter from bottom to top of the media provides all
required oxygen for the bacterial processes and leaves the biofilter at near
100% oxygen saturation. This EBM-PAPST axial flow fan provides air flow of
10 times more air volume than water flow volume. The air flow is counter
current to the water with air entering the base of the CIFT biofilter and water
entering through the spray nozzles at the top. The CIFT biofilter can also be
used for water temperature control when outside air temperature and humidity
are appropriate during many months of the year. If the culture water needs to
be increased and outside air temperature is higher than the water temperature,
then outside air is used to supply the air fan. Also when outside humidity is
low the trickling filter acts as a cooling tower. Because the facility has low
water exchange rate the normal requirement for temperature control in the
system water is cooling. This use for the CIFT biofilter reduces the electrical
energy required for cooling fish water. Advantages for the CIFT biofilter are:

1. Water temperature increase or decrease depending upon a controlled
source of air flow, inside building air or outside air. The CIFT biofilter
can effectively be used as a cooling tower;

2. Can be scaled to match any nitrification quantity required by changing
depth, width, and length dimensions with no change in the type of
equipment used;

3. Use of solid cone spray pattern provides uniform optimal wetting of the
media surfaces, much better than drip pans or the use of perforated
pipes;

4. Intermittent flow provides for more effective nitrification by allowing
water to more fully drain from the media surface before another water
surge. This biological growth phenomenon can be observed in natural
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water settings of wave action (intermittent wetting or high energy areas)
promoting increased biological growth;

5. Intermittent flow allows for more residence time on the media and time
with thinner water film improving CO2 stripping. Average daily hydraulic
loading rate is an order of magnitude less than normal CO: strippers
used in aquaculture applications; and,

6. Controlled intermittent water flow (control both the amount of time a
nozzle is flowing and the interval between flow cycles) enables
development of a biofilter of any required nitrification rate, maintain a
specified media depth, and most importantly maintain optimum
hydraulic loading. Many traditional trickling filter designs cannot attain
optimum hydraulic loading with continuous flow regimes; the
recirculation system water flow rate is not sufficient to enable proper
hydraulic loading because the square meter footprint area is too large
resulting in much less than optimum hydraulic loading. The water flow
volume rate is not sufficient to properly wet the bacterial surface area of
the media.

Requirements of the CIFT biofilter include:

1. Requires a larger footprint for construction, however this biofilter also
provides for CO; stripping, temperature control capabilities, and water
storage pumping basin; and,

2. Requires water pumping energy to allow water to gravity flow through the
media with the counter current flow of air. Submerged biofilter design
concepts require less energy for pumping but increased energy for
oxygenation, gas stripping, and mixing. The total energy required for the
complete recirculation cycle must be considered, and this is where the
combination of AquaMaof system components results in lower total
energy required for operation.

The water basin below the CIFT biofilter is used as a surge tank for holding a
supply of water for the total system, one third of the fish production tank
volume. This allows for capacity to drain a fish tank for harvest and retain all
water in the operating system.

Waste water is drained from each tank secondary drain (from the sediment trap
in the tank center) and from the solid waste settlers directly to the waste
treatment / denitrification system. This water treatment system returns the
water back to original quality standards. The process includes sequencing
batch reactors, decanting and solids settler, trickling biofilter for aeration and
gas stripping, followed by fluidized bed reactor, ozone, and UV. The one-day
supply of new water is held in storage for use as continuous addition or in
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larger quantities in a short time for refilling the system. This one-day supply of
water will also ensure the facility will remain within the 300 liter per minute
water use for the facility in case of any increase in water need.

The sequencing batch reactors are chosen because of the capability to process
varying flow rates and allow for control flexibility. The fluidized bed reactor
and ozone are selected for final polishing and breakdown of complex organic
compounds that can build in aquaculture systems with very low to no water
exchange. UV treatment is the final step in the waste treatment and this
assures no residual ozone will reach fish production water. Waste water
treatment is the only area where ozone is required or used in the salmon
production facility.

It is anticipated that for every kilogram of feed entered into the system that 3%
of sludge matter will produced. The production of the facility is anticipated at
4400 MT and with a Feed Conversion Rate of 0.80:1.0 some 3520 MT of feed
will be consumed. At 3% 109 MT of sludge will be produced annually. This
material will be collected and used for either for remediation or soil amendment
or disposed at a licensed disposal facility. The remaining matter will be
consumed by the biofilters. The biofilters will not need to be replaced or
disposed of.

It is not considered that there will be a necessity for facility waste water to be
disposed of even during maintenance periods. The facility has regular cleaning
of biofilters by module with individual modules with the capacity to manage the
system needs while others are offline. If facility waters were ever to be released
it would first be thoroughly processed by the biofilters to remove environmental
pollutants such as nitrites, nitrates, phosphates or material with Biochemical
Oxygen Demand. In the unlikely event that facility water should be released it
will be fully capable of sustaining flora and fauna as it does within the facility
itself.

The maintenance of denitrification systems does not require addition of any
chemicals. All autotrophic and heterotrophic bacteria in the system will
accumulate naturally.

The maintenance of salinity will require the storage of dry marine salts. These
will be stored in dry plastic sacks. The only clean up required for the marine
salts is a shop vacuum for spilled granules. Alkalinity will be managed
naturally with input water carrying sufficient cations. System processes will
return alkalinity to baseline after CO2 stripping at the trickle filters. The CO
stripping also returns the pH to the incoming baseline.
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4.4.2 Estimated Period of Operations Part 1:

The facility will remain in continuous operation once operations have
commenced.

4.4.3 Potential Sources of Pollutants Part 1 Operational Period:

There is some potential that the transfer trucks and the employee work
vehicles could encounter a fuel and or gear oil spillage. A spill kit will be on
hand to absorb minor spillages. The trucks will use gasoline and diesel and
will release carbon dioxide into the atmosphere. There will be human waste
with this operation that will enter Marystown’s sewage treatment system.
AquaMaof estimates that the facility will produce 109 MT dry weight of digested
sludge per annum when at peak production. The characteristics of this
digested sludge are different from many RAS in that the planned design
includes a denitrification process in sequential batch reactors that further
breaks down the sludge reducing the total quantity of sludge and allowing for
reduction of water content in the sludge to 20% dry weight solids and 80%
water. Solids removal efficiency is 100% instead of the typical 87%. Digestion
reduces the sludge volume by about 33% of typical systems with raw sludge.
The dry weight N content is 14% and the P content 16%. The digestion step in
the waste removal makes the waste immediately suitable for agricultural
purposes. The Company has a letter of understanding with the Long Harbour
Development Corporation to use the digested sludge as a component of the
remediation of the slag pile from the previous Phosphorous Plant tailings in the
harbour (Appendix M). Should the option of using the digested sludge to
remediate the Long Harbour slag pile not avail itself then other avenues will be
explored including using the product as a soil amendment for local farms.
Newfoundland soils become depleted over time using chemical fertilizers; this
product is suitable for soil amendment. Failing that purpose, the digested
sludge removal will be contracted to one of the Province’s septic services. The
Burin Peninsula Waste Management facility also has some capacity to accept
the waste (Appendix M). There will be administrative paper waste and some
industrial packaging wastes to be handled by the Burin Peninsula Waste
Management facility in Jeanne de Baie.
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4.4.4 Potential Causes of Resource Conflicts with Part 1 Operations:

There are no potential resource conflicts identified with this particular
operation. The facility operations may temporarily interfere with recreational
boaters and fishermen when the well boat is at the facility to receive smolt for
transport to the sea cages. These periods are expected to be minimal.

There is an overgrown old road in the process of being decommissioned by the
Town of Marystown and the Department of Works and Services. The project
will not interfere with walking, snowmobile or ATV trails.

Control of lighting systems and photoperiods within the facility will be entirely
indoors and contained. Facility photoperiods will not have any impact on the
natural environment.

4.5 Occupations Part 1:

4.5.1 Estimated Number of Employees Part 1:

4.5.1.1 Construction Phase Part 1

During construction the proponent estimates workers during this phase will
include supervisors and laborers for concrete footings and erectors of the pre-
engineered steel buildings. There will be further concrete work in operational
structures inside the buildings. There will also be electricians, plumbers,
carpenters and finish trades for installing equipment, tanks, and various
building systems and finishes. There is a potential need for up to 200 full-time
and part-time workers during the construction period.

4.5.1.2 Operational Phase Part 1

The operational phase is projected to generate 23 full time positions from
facility management to technicians.
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4.5.2 Enumeration and Breakdown of Occupations Part 1:

4.5.2.1 Construction Phase Part 1

This particular undertaking will require workers from various trades and
management. These workers will be the management responsibility of the
General Contractor that submits the most competitive bid for the construction
of the RAS facility. The occupations and their numbers below are an
estimation by the proponent. The proponent of the undertaking will bear the
responsibility of ensuring that all building and construction rules, policies, and
laws of the jurisdiction are followed. The occupations are described according
to the National Occupational Classification 2011:

Engineering Manager (0211) 3

Civil Engineers (2131) 2

Civil Engineering Technologists (2231) 2

Drafting Technologists and Technicians (2253) 1
Land Survey Technologists and Technicians (2254) 1
Construction Inspector (2264) 4

Electrical Power Line and Cable Workers (7244) 5
Telecommunication Line and Cable Workers (7245) 5
Steamfitters, Pipefitters and Sprinkler System Installers (7252) 20
Welder Operators (7237) 10

Carpenters (7271) 20

Concrete Finisher (7282) 20

Heavy Equipment Mechanics (7312) 4

Crane Operators (7371) 2

Truck Drivers (7511) 5

Heavy Equipment Operators (7521) 4

Construction Labourers (7611) 92

4.5.2.2 Operational Phase Part 1:

The operational phase of the undertaking is projected to have 23 full time
positions. The occupations are described below according to the National
Occupational Classification 2011:

Senior Manager (0016) 1
Maintenance Manager (0714) 1
Production Manager (0911) 1
Aquaculture Managers (0823) 4
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Aquaculture Technicians (2221) 12

Welder (7237) 1

Heavy Equipment Operator (7521) 1
Air Conditioning Mechanic (7313) 1

Power Systems Electrician (7202) 1

4.5.3 Delineation of Work Carried Out in Part 1:

The construction of the RAS facility will be carried out by a General Contractor
and hired by AquaMaof as a part of the “turnkey” purchase agreement. The
proponent intends to maintain responsibility to ensure that all building and
construction rules and codes, policies, and laws of the jurisdiction are followed.

The operational work will be completed directly by the proponent.

4.5.4 Employment Equity Part 1 of the Project:

The Company has an equal opportunity hiring policy and does not hire relative
to age, gender, race or sexual orientation. These employment conditions will be
maintained internally and with suppliers and contractors to the project.

4.6 Part 1 Project Related Documents:

The Company has a Business Plan in support of the undertaking. There a
proposal by AquaMaof for the facility design Appendix D and floor plans
Appendix E. There is an Aquifer Testing Report as prepared by AMEC Foster
Wheeler Environmental and included as Appendix A. A Consultation Report is
available in Appendix G.
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5 APPROVAL OF THE UNDERTAKING PART 1

The Aquaculture License and Water Use Authorization are all pending for the
undertaking that this application is related to. A permit from the Town of
Marystown will be required for the development of the undertaking. A Transfer
and Transport Permit will be required to stock the facility with fish.

The approval list is as follows:
Aquaculture License
Water Use Authorization
Transfer and Transport License
Land Title (transferred from the Town of Marystown)
Tax Agreement (Town of Marystown)

Construction Permit (Town of Marystown)
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6 SCHEDULE PART 1

This project will commence only after it is “Released” from the Environmental
Registration of an Undertaking. These commencements are scheduled for
March 17t 2016. Operations are scheduled to begin in November, 2016. The
construction will be staged in such a manner that operations startup can
proceed before the end of all construction process which are anticipated at
August 31st, 2017. These operations will only proceed with relevant approvals,
licenses and authorizations for Water Use, Aquaculture, and Transportation
and Transfer of eggs.
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7 FUNDING PART 1

The capital costs of Part 1 of the project are $75,000,000. The Province of
Newfoundland and Labrador are anticipated partners in the project with
preferred shareholdings. The government of Canada is anticipated assisting
this project through the Atlantic Canada Opportunities Agency.

Date: _January 31st_2016

Signature of Director:
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8 NAME OF UNDERTAKING PART 2
“Placentia Bay Atlantic Salmon Aquaculture Project”

“Part 2”
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9 PROPONENT PART 2

9.1 Name of Corporate Body:

Grieg NL Seafarms Ltd.

9.2 Address:

205 McGettigan Blvd.
P. O. Box 457
Marystown NL

AOE 2MO

9.3 Chief Executive Officer:

Name: Knut Skeidsvoll

Official Title: General Manager

Address: P. O. Box 457, 205 McGettigan Blvd., Marystown, NL, AOE 2MO
Cell Number: (709) 538 7313

Telephone Number: (709) 279 3440

9.4 Principal Contact Person:

Name: Clyde Collier

Official Title: Project Manager & Director

Address: P. O. Box 457, 205 McGettigan Blvd., Marystown, NL, AOE 2MO
Cell Number: (709) 538 7413

Telephone Number: (709) 279 3440
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10 THE UNDERTAKING PART 2

10.1 Nature of the Undertaking Part 2:

This undertaking is an installation and operation of a Regional Marine Farming
Area in Placentia Bay divided as 4 Bay Management Areas (BMAs) with a total
of 11 Sea Cage Marine Farms for Atlantic salmon (Salmo salar). Each marine
farm will be a daughter company subsidiary of Grieg NL Seafarms Ltd. The
BMAs and the relevant marine farms are as follows:

Rushoon BMA:

Oderin Island Farms Ltd.
Gallows Harbour Farms Ltd.
Long Island Farms Ltd.

Merasheen BMA:

Valen Island Farms Ltd.
Chambers Island Farms Ltd.
Ship Island Farms Ltd.

Red Island BMA:

Red Island Farms Ltd.
Darby Harbour Farms Ltd.
Butler Island Farms Ltd.

Long Harbour BMA:

Brine Island Farms Ltd.
Iona Island Farms Ltd.

The marine operations will purchase smolt from the sister company Grieg NL
Nurseries Ltd. Marine farming operation at peak production will utilize
7,000,000 smolt on a yearly basis. The intention is to stock as follows:
1,000,000 in late April at around 1,500 grams for a one season production to
cover marketing in December and January; 1,800,000 in May at around 300
grams for a full cycle production to cover marketing from September to
November; 2,400,000 in July at around 450 grams for a full cycle production to
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cover marketing from February to May; 1,800,000 in October at around 600
grams for a full cycle production to cover marketing from June to August.
These animals will originate from European broodstock breeding programs and
will be rendered sterile by a triploid process. This will be a biosecure operation
and all access and supplies will be of a controlled nature. The marine farms at
peak production will produce approximately 33,000 metric tonnes of live weight
Atlantic salmon. It is anticipated that the production processing will be by
purchased service by joint venture or close cooperation agreement with an
existing processing company on the southern part of the Burin Peninsula.

10.2 Purpose/Rationale/Need for the Undertaking Part 2:

The purpose of the project is to produce the very finest quality suite of fresh
Atlantic salmon products for the North American market in a manner that is
environmentally and financially sustainable. The operations will provide for
critical assets in the farming production of Atlantic salmon in Newfoundland
and Labrador and adding greatly to the prosperity of the Province. The use of
oceanic leases for the project are a part of the renewable and sustainable
resources of the Province and thus making this a pastoral project. The project
is a very important piece of a network of assets that will provide much needed
sustainable employment to rural Newfoundland and Labrador. The project will
provide profit to its shareholders, business opportunity to suppliers,
wholesome food to customers, and finally tax revenue to Municipalities of the
region, the Province and the Country.

10.3 Alternatives to the Part 2 Undertaking:

There was one alternative region of the Province with adequate space to create
4 BMAs including 3 full cycle and 1 seasonal. The Company initially began its
assessments on the south west coast in the region of Burgeo. The Placentia
Bay Region was chosen over the Burgeo Region for the following reasons:

1. Freshwater resources for a hatchery — both regions had relatively nearby
freshwater resources to supply a hatchery operation provided that it was a
very efficient Recirculation Aquaculture System (RAS). The freshwater
resources in the Burgeo Region was nearly twice the distance from source
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to marine sites. Thus the management and other cost efficiencies favoured
Placentia Bay;

2. Marine resources for fish farms — the marine resources available to be
developed was only apparent but not attainable in the Burgeo Region. The
area appeared empty of development but most of the potential tenures were
blocked by prior claims. There were no such prior claims in the Placentia
Region;

3. Processing resources — both the Burgeo Region and the Placentia Bay
Region had existing and underutilized adequate resources for processing.
The distances involved in the breath of potential marine farms in the
Burgeo Region was nearly twice that of the Placentia Bay Region. The
logistics were such that in order to maintain sufficient capacity with well
boats and with processing the well boats would need to be twice the size to
cover off time and distance in the Burgeo Region, thus, logistics and cost
favoured the Placentia Bay Region;

4. Market access — the Burgeo Region is nearly 9 hours closer to the Port
Aux Basques terminal for Marine Atlantic relative to the Placentia Bay
region. The Burgeo Region provides for longer shelf life for a fresh product.
The Burgeo Region is more favourable than Placentia Bay considering the
market access and shelf life;

5. Community infrastructure — the community infrastructure with relevant
service and supply support is much more developed in Placentia Bay
relative to the Burgeo region due to a greater population and established
large industries related to oil and mining;

6. Human resources — the Placentia Bay region has a population base of
approximately 20,000 while the Burgeo region has approximately 2,000
and thus Placentia Bay human resources are suggestive of an adequate
supply of workers available for the farming operations;

7. BMA effectiveness — the inner portion of Placentia Bay and close to the
Merasheen archipelago is home to many small communities such as
Rushoon, Baine Harbour, Parkers Cove, Petit Forte, Swift Current, North
Harbour, Come by Chance, Arnolds Cove, Southern Harbour, Little
Harbour, Fair Haven, Long Harbour, Fox Harbour, Placentia, and Argentia.
Most of these communities have Harbour Authorities and existing wharf
facilities. These communities are also home to many fishers with sea going
skills suitable for the management of Atlantic salmon marine farms. The
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traditional fishery in the area is at very low resource level and currently
does not support livelihoods to the extent they would desire. Similar issues
exist in the Burgeo area but the number of communities and available
fishers to work on the marine farms is much less;

8. Training capacity — the Placentia Bay region and the Avalon Peninsula in
general have a full complement of professional training schools for worker
safety such OHS, WHMIS, Standard First Aid, MED, SVOP, FM4, and
Aquaculture Technician. Training for these supports is less readily
available in the Burgeo region.

The Company assessed resource capacities and capabilities between the two
available regions as above; Burgeo vis a vis Placentia Bay, and Placentia
presented much more favourably.
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11 DESCRIPTION OF THE UNDERTAKING PART 2

11.1 Geographic Location Part 2:

The locations to be used for the marine farms will be assessed and prepared for
application for an Aquaculture License (Appendix L). The Aquaculture License
application is very comprehensive and captures the requirements of the
provincial Aquaculture Act

http:/ /www.assembly.nl.ca/legislation/sr/statutes/al3.htm . The
management of federal and provincial jurisdictions is encompassed by DFA in a
Memorandum of Understanding (MOU) with DFO. The Aquaculture
Application provides details for the Aquaculture License, Crown Land Lease or
Permit to Occupy, Water Use Authorization, Aquaculture Activities Regulations
baseline assessment http://www.dfo-mpo.gc.ca/aquaculture /management-
gestion /aar-raa-gd-eng.htm , Navigation Protection Act http://laws-
lois.justice.gc.ca/eng/acts /N-22/ application for exemption under condition of
marking.

The marine farms will be installed in Placentia Bay and can be described by
various perspectives. Below is a Provincial perspective:
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Figure 13 - Location Marine Operations Provincial Perspective
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Figure 14 - Location Marine Operations Regional Perspective
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Figure 15 - Location Bay Management Area Perspective
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Figure 16 - Location Marine Farm Perspective
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11.2 Physical Features Part 2:

11.2.1 Major Features of Part 2 of the Undertaking:

The main features of the undertaking will be a full marine environment with
cage collars at the surface and nets extending down to 43 meters. Mooring
anchorages extend from the bottom and perimeter of the proposed lease area
and towards the surface at a targeted scope of 3:1 of length to water depth.
The water column is variable seasonally and also spatially and layered by
density differentials of salinity and temperatures to form pycnoclines. The
incline areas of the site are typically hard bottoms rock and cliff while the deep
basins at 100 meters and deeper are silt sediments.

11.2.2 Area to be Affected by Part 2 of the Undertaking:

The 11 sites have the following areas in hectares:

1. Oderin Island Farms 126;
2. Gallows Harbour 140;
3. Long Island 210;
4. Valen island 244;
5. Chambers Island 242;
6. Ship Island 189;
7. Red Island 205;
8. Darby Harbour 209;
9. Butler Harbour 197;
10. Brine Island 117; and,
11. Iona Island 79.

The total lease area proposed is 1,958 hectares. The area occupied by the sea
cages is 24 hectares and approximately 1.23% of the total lease area. The
northern end of Placentia Bay encompassing the Merasheen archipelago is
approximately 245,000 hectares. The farm leases would occupy less than 1%
of the area. The sea cages will occupy less than 0.01% of the region’s available
space.
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11.2.3 Existing Biophysical Environment of Part 2:

11.2.3.1 Marine Topography and Bathometry

The Geological Survey of Canada and the Bedford Institute of Oceanography
have captured much of the bathometry of Placentia Bay via multibeam scanner
and the various files are available for download viewing. The link directly below
is a fly through short video of Placentia Bay:

http://www.smartatlantic.ca/PlacentiaBay/mapping.php

Presented below are pictures of the bathometry at the areas proposed for the
Atlantic salmon farming operations.
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Figure 17 -- Bathometry Map of Northern Placentia Bay
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Figure 18 -- Bathometry Map of Western Placentia Bay

11.2.3.2 Marine Climate and Oceanography

SMARTBAY data is sea surface temperature from the Mouth of Placentia Bay
buoy and are averaged monthly. Sample years were randomly chosen with 12
months of data were available for 2010 and 2013 with minimum temperatures
in February and March and maximum in August and September with highs
slightly warmer in 2013. The data is presented in the tables below:
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Table 3 - Annual Monthly Average Sea Surface Temperatures for SmartBay
Bouy: Mouth of Placentia Bay 2010. 46° 58.6025N 54 ° 41.0459W,
Minimum Temperatures in Blue, Maximum Values in Red

95% Confidence Interval for Mean
N Mean Std. Deviation | Std. Error Lower Bound Upper Bound Min | Max

1 1481 1.14 2.490 .065 1.02 1.27 0 93
2 1035 -12 153 .005 -13 -1 0 0
3 1480 .28 .230 .006 .27 .29 0 1
4 1427 1.49 574 .015 1.46 1.52 0

5 1460 3.82 .896 .023 3.77 3.87 2 7
6 1427 6.64 7.921 210 6.23 7.05 4 303
7 1469 12.06 11.102 .290 11.50 12.63 8 302
8 1470 10.509 274 16.17 17.24| 14 294
9 1406 13.393 .357 14.82 16.22 10 309
10 1476 10.18 7.314 .190 9.80 10.55 8 287
11 1244 6.52 .644 .018 6.49 6.56 6 8
12 1486 4.54 .604 .016 4.50 4.57 3 6
Total 16861 6.71 8.797 .068 6.58 6.84 0 309

Table 4 - Annual Monthly Average Sea Surface Temperatures for SmartBay
Buoy: Mouth of Placentia Bay 2013. 46° 58.6025N 54 ° 41.0459W,
Minimum Temperatures in Blue, Maximum Values in Red

95% Confidence Interval for Mean
N Mean Std. Deviation | Std. Error Lower Bound Upper Bound Min | Max
1 1482 1.5082 .68326 .01775 1.4734 1.5431 10| 3.16
2 1329 .2407 19191 .00526 .2304 25101 -.21 .85
3 1482 .3567 .26060 .00677 .3434 .3700| -.16] 2.05
4 1436 1.2827 .62557 .01651 1.2503 1.3151 39| 3.33
5 1413 4.0991 .88974 .02367 4.0526 4.1455| 2.44| 6.96
6 1434 7.7000 1.14624 .03027 7.6406 7.7594| 5.92( 10.24
7 1498 | 12.9383 1.61938 .04184 12.8562 13.0204| 9.18| 15.70
8 1484 .53459 .01388 16.3245 16.3789| 15.18| 17.38
9 1430 .73484 .01943 15.3169 15.3931 | 12.33 | 16.42
10 1484 10.9794 1.51587 .03935 10.9023 11.0566 | 8.72( 14.59
11 1430 7.0765 1.04203 .02756 7.0225 7.1306| 5.43| 9.41
12 1484 2.8409 1.56586 .04065 2.7612 2.9206 51| 6.03
Total 17386 6.7867 5.77246 .04378 6.7009 6.8725| -.21] 17.38
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The data above provides a rough estimate of temperatures but they are at the
surface and Atlantic salmon are rarely at that depth except in the event of
rising temperatures in the spring. Atlantic salmon experience mortality in
extreme cold conditions and superchill at -0.7°C. While the tables above do not
indicate these conditions; it is very likely that conditions are much more
favourable even than that indicated above. The conditions in the water column
are such that the water is layered by density created by temperature
differentials and salinity differentials or pycnoclines. The data below from
Placentia Bay near Long Island in 2012 was collected by the Department of
Fisheries and Oceans (DFO). It illustrates the point perfectly where surface
temperatures are greater than the ideal while between 10 meters and 25
meters optimal conditions are available. Below 25 meters the water
temperature is less than the 14°C optimal and falling away to about 6°C at 32
meters:

Figure 19 — Graph of Temperatures at Depth for Placentia Bay Near Long
Island in August 2012
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Figure 20 - Graph of Temperatures at Depth for Placentia Bay Near Oderin
Island, Gallows Harbour and Long Island in December 2015
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Figure 21 - Graph of Temperatures at Depth for Placentia Bay Near Brine
Island, and Iona Island in December 2015
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Figure 22 - Graph of Temperatures at Depth for Placentia Bay Near Red
Island, Darby Harbour and Butler Island in December 2015
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The December depth profiling conducted by DHI for the Company indicates the
presence of a thermocline / pycnocline at about 50 meters on the western side
of Placentia Bay while the eastern side shows the layer separation at about 20

meters.

The Department of Fisheries and Aquaculture (DFA) have provided an
amalgamation of data for Placentia Bay at different depths and locations with
the purpose of defining growing conditions for the region. Temperature Units
(TU) are calculated on a monthly basis. As an example a month with 30 days
and an average temperature of 10°C provides 300 TU. Growth Factor 3 (GF3)
is a standard coefficient used in calculating the growth of Atlantic salmon and
is sometime termed the Temperature Growth Coefficient (TGC). In models
projecting growth the GF3 or TGC is often stated more conservatively at 2.7.
The calculation to model growth is {{(End Weight)!/3-(Start Weight) 1/3} X
TU/1000 = GF3. The following table highlights the expected growth of a 300
gram Atlantic salmon entering Placentia Bay in May. The assumption is that
the fish will maximize conditions towards the surface and at depth such that
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the fish will maximize towards the ideal at 14°C degrees and thereafter seek
cooler conditions to maintain internal metabolic states at 14°C. This is
highlighted in yellow in the table.

Table 5 - Calculation of Temperature Units and Projected Atlantic Salmon
Growth for Placentia Bay

Start End

Average Temperature Wt. Wt.

MONTH | Temperature Days Units GF3 | Grams | Grams
May 4.4 31 135 2.7 300 352
June 7.0 30 211 2.7 352 444
July 12.0 31 373 2.7 444 645
August 14.0 31 434 2.7 645 944
Sept 13.4 30 403 2.7 944 | 1294
Oct 11.3 31 351 2.7 1294 | 1661
Nov 7.5 30 226 2.7 1661 1932
Dec 4.6 31 143 2.7 1932 | 2117
Jan 2.1 31 64 2.7 2117| 2203
Feb 0.8 28 22 2.7 2203 | 2233
March 0.3 31 9 2.7 2233 | 2245
April 0.8 30 23 2.7 2245| 2278
May 4.4 31 135 2.7 2278 | 2473
June 7.0 30 211 2.7 2473 | 2799
July 12.0 31 373 2.7 2799 | 3444
August 14.0 31 434 2.7 3444 | 4309
Sept 13.4 30 403 2.7 4309 | 5232
Oct 11.3 31 351 2.7 5232 ] 6135

Total Temperature Units 4303

11.2.3.3 Historical Resources Part 2

The assessments to date of the sites have not revealed any significant cultural
or historic resources within the lease areas to be developed into Atlantic
salmon aquaculture sites. Typically, with an Atlantic salmon sea cage
installation there is concern that the site may impact a wreck of a ship that is
of historical importance. The sites considered for this undertaking are in deep
water and away from shore activity and reefs and very unlikely to impact or
encounter artifacts of historical significance.
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11.2.3.4 Marine Resources

The key to having a sustainable Atlantic salmon farm is adequate oxygen for
the fish at all times. During late November and early December, the Company
hired DHI to conduct measurements of marine environment in the region of the
various planned Atlantic salmon farms. Please refer to Appendix F December
2015 DHI Placentia Bay Data Report.

The DHI report indicates that there is a gentle current in the surface layers of
Placentia Bay in the Middle Channel and the Red Island BMA as indicated in
the graph below. The current is running at about 15 to 20 cm per second and
the direction variable but generally north and south.

Figure 23 - Graph of Current Speed and Direction for Placentia Bay Near
Darby Harbour in December 2015
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The water column in the Red Island BMA is also fully saturated with oxygen
from the surface and to depth. Thus with gentle currents and full saturation of
oxygen the sites in the Red Island BMA of the Middle Channel on the eastern

side of Merasheen look very adequate for the purpose of Atlantic salmon
farming.

Figure 24 - Graph of Oxygen Concentration in Placentia Bay Near Darby
Harbour, Red Island and Butler Island in December 2015
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The DHI report indicates that there is a gentle current in the surface layers of
Placentia Bay on the western side and the Rushoon BMA as indicated in the
graph below. The current is running at about 4 to 6 cm per second and the

direction fairly consistent and running east to west.

Figure 25 - Graph of Current Speed and Direction for Placentia Bay Near
Oderin Island in December 2015
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The water column in the Rushoon BMA is also fully saturated with oxygen from
the surface and to depth. Thus with gentle currents and full saturation of
oxygen the sites in the Rushoon BMA of the western side look very adequate for
the purpose of Atlantic salmon farming.

Figure 26 — Graph of Oxygen Concentration in Placentia Bay Near Oderin
Island, Gallows Harbour and Long Island in December 2015
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The DHI report indicates that there is a gentle current in the surface layers of
Placentia Bay on the eastern side and the Long Harbour BMA as indicated in

the graph below. The current is running at about 5 to 20 cm per second and

the direction variable but generally east and west.

Figure 27 — Graph of Current Speed and Direction for Placentia Bay Near
Darby Harbour in December 2015
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The water column in the Long Harbour BMA is also fully saturated with oxygen
from the surface and to depth. Thus with gentle currents and full saturation of
oxygen the sites in the Long Harbour BMA of the eastern side look very
adequate for the purpose of Atlantic salmon farming.

Figure 28 - Graph of Oxygen Concentration in Placentia Bay Near Oderin
Island, Gallows Harbour and Long Island in December 2015
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11.2.3.5 Species at Risk near Part 2 of the Undertaking

All activities in Newfoundland and Labrador must comply with Canada’s
Species at Risk Act (SARA) and then further provincially with Newfoundland
and Labrador’s Endangered Species Act. The “Species at Risk” are collectively
a part of SARA’s Public Registry, the list of the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC), and the list of Newfoundland and
Labradors Species Status Advisory Committee (SSAC). There is a general
overlap of prohibitions under both jurisdictions for Species at Risk; however,
there are some differences in terminology or definitions. In Federal terminology
species are referred to as Extirpated or Extinct, Endangered, Threatened or
Special Concern. The Provincial definitions are the same with the exception of
Special Concern and are referred to as Vulnerable.

The Federal and Provincial governments have joint and layered approach to
management of Placentia Bay. The encompassing management planning is
done through the auspices of the Integrated Coastal and Oceans Management
Newfoundland and Labrador http://www.icomnl.ca . Underneath this
structure is the Placentia Bay Integrated Management Committee and they are
guided by the “Placentia Bay Integrated Management Plan”

http:/ /www.icomnl.ca/files /PBIMC%20Integrated%20Management%20Plan.P
DF . Placentia Bay is considered Coastal Management Area 4 (CMA). All of
Placentia Bay is considered and managed as an Ecologically and Biologically
Significant Area (EBSA)

http:/ /www.icomnl.ca/files /CSAS%20Report%20PBGB%20EBSAs.PDF . The
CMA4 that is Placentia Bay is nestled within the more significant Large Ocean
Management Area and the management secretariat prepared a guidance
document “Placentia Bay / Grand Banks Large Ocean Management Area
Integrated Management Plan (2012-2017)”

http:/ /www.icomnl.ca/files /PBGB%20LOMA%20IM%?20Plan.PDF . On page
45 the document states:

“Aquatic species at risk that currently occur in the LOMA include: the
‘Endangered’ Ivory Gull, Piping Plover, and Eskimo Curlew, the
‘Threatened’ Northern Wolffish, Spotted Wolffish, and Beluga Whale* (St.
Lawrence Estuary Population), and the ‘Endangered’ Blue Whale, North
Atlantic Right Whale, and Leatherback Turtle. Fin whale, Atlantic (striped)
Wolffish, Harlequin Duck, Barrow’s Goldeneye, and Banded Killifish, have
also been identified as ‘Special Concern’.”
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*Note the Beluga Whale was reassessed “endangered” in November 2014.

COSEWIC also declared the south Newfoundland group of Atlantic salmon as
“threatened” in November 2010. They include the population breeds in rivers
from the southeast tip of the Avalon Peninsula, Mistaken Point, westward along
the south coast of Newfoundland to Cape Ray. This species was not included
in the LOMA for Placentia Bay / Grand Banks Integrated Management Plan
(2012-2017).

COSEWIC’s update status report on the Ivory Gull is as follows:

“Ivory Gull

Scientific Name: Pagophila eburnea

Range: Northwest Territories, Nunavut, Newfoundland and Labrador
Assessment Date: April 2006

COSEWIC Designation: Endangered

Description

The Ivory Gull is a small seabird with black legs. It is distinctive at all
ages but it is particularly striking in its pure white adult plumage.
Juveniles have a dusky face and chin and black spots on the breast and
along the flanks and tail. In adults, the bill is generally slate blue at the
base, becoming pale yellow and tipped with red; in juveniles the bill is
darker. Its round chest, short legs, and rolling gait give the Ivory Gull a
pigeon-like appearance when on the ground. However, despite its stocky
body, in the air it has a graceful and agile flight.”
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The Department of Environment and Conservation describe the Ivory Gull as

follows:

Figure 29 - DEC Information Sheet of the Ivory Gull

Ivory Gull
{Pagophila eburnea)

o The Ivory Gull is a small seabind with black legs
and dark eves. Tt has a slate blue hill that becomes

pale yellow to datk orange at the tp.

s Itis the onby gull with pure white plomage as an

adult,

o Imimature birds have a dusky face, and Black spots
on the breast, flanks, tail, and cuter wings.

= Dvory Gull lay 1 8o 2 eggs per nest.

Provincial Distribution

{0 b T el

Habitat! Range
Tvory Gulle breed in the High Arctie and winter in the Arctic seas

| and along the Atflantic coast, including the coast of Newfoundland

and Labrador. They are found maost otten among the pack tee of the
Dravig Strait, Labrador Sea, Strail of Belle Tsle, and northern Guif of
&t Lawrence. They are more rarely seen on the coast of the Great
Marthern Peninsula of Newfoundiand and ashore,

Population Tremds

Breading colony surveys suggest that Ivory Gulls have declined by

B5% in Canada since the 10802 A 2004 survey on the pack tee off

the coast of this Provines ohserved a.n2 Ivory Gulls/ 1o min watch,
a decline from .60 Ivory Gulls/ 10 min watch ohserved in 1978,

Limiting Factors and Threats

[vory Gull populations are limited by disturbance on the breeding
groamnd, illegal hunting, climate change, and oil spills and boxic
polliitants in wittering areas,

Special Significance

In Newdoundland and Labrador they ave offen referred 1o as the
“ice partridze” and have been hunted for food. Harvest of Ivory

Gulls was likely opportunistic and they were not a major food
BOLINCe.

It would be very uncommon to encounter the Ivory Gull in Placentia Bay as it is
not the bird’s preferred range or habitat. To ensure that chance encounter
does not disturb further this animal, the containment net for the sea cages has
mesh size that is sufficiently small at 35 mm to prevent the bird from entering
the net and accidentally entrapping itself. The top of the sea cage is covered by
netting as well preventing entry by that route. Further impacts to this species

from this project are unlikely.
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COSEWIC’s update status report on the Piping Plover is as follows:

“Piping Plover

Scientific name -- Charadrius melodus circumcinctus
Assessment Summary-- November 2013

COSEWIC Status — Endangered

Reason for designation -- The interior subspecies of this shorebird is
projected to decline over the longer term, particularly if concerted
conservation efforts are relaxed. Overall numbers remain low and adult
survival has been poor over the last decade. Threats from predation,
human disturbance, and declines in habitat extent and quality continue.
Occurrence Alberta, Saskatchewan, Manitoba, Ontario

Status history -- The species was considered a single unit and designated
Threatened in April 1978. Status re-examined and designated Endangered
in April 1985. In May 2001, the species was re-examined and split into
two groups according to subspecies. The circumcinctus subspecies was
designated Endangered in May 2001. Status re-examined and confirmed
in November 2013.
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The Department of Environment and Conservation describe the Piping Plover

as follows:

Figure 30 - DEC Information Sheet of the Piping Plover

Piping Plover

{Charadrius melodus melodus)

» & small, thresh-sized shorebind.

= Piping Flover are the colowr of dey sand, with
o distinetive black breast band, a black band
above the forehead, and a partially hiack tadl,

»  They have a white ramp, bright orenge legs,
and a shoat bifl that is orange wath a biack tip.

=  Piping Plover winter along the southem
Atlantic eoast of the United States amd in the

Caribbeun,

Provineial Distribution
. Y
X

§r
ﬁ
=21
L %,
[ S o e

Habitat/ Range
This rare shorebard nests on sandy Deiehies inoall four Atlaniie
provinees and Quéhee. In this provines it i snly found on beaches

on the southwest and west cossts of Newfoundland.

PFopulation Trends

The 2006 census counted 48 adult Piping Plovers nesting in
Mewlonndipnd, an increase from 30 birds counted in 2001, Piping
Flovers wae 1o e found on the northeast coast but have not been
seen there sinee 1987, Tn 2000, @ pair of Piping Plovers nested in
Gras Morne National Park for the first time sinee 1975,

Limiting Factors and Threats

Fiping Flovers are affected by disturbanees to beaches. Nests and

Eﬂp,u are: destroesd by off-pomd vehicles, dogs, and sometimes
eliberately by humans, Predators, such as mink, can also prey on

nests and predation rates seem to have incrensed in recent years.

Special Significance
Piping Plover is one of the few shorebirds which nest on sandy
beaches and in dune systems, They are endemic to North Amero.

It would be very uncommon to encounter the Piping Plover in Placentia Bay as
it is not the bird’s preferred range or habitat. To ensure that chance encounter
does not disturb further this animal the containment net for the sea cages has
mesh size that is sufficiently small at 35 mm to prevent the bird from entering
the net and accidentally entrapping itself. The top of the sea cage is covered by
netting as well preventing entry by that route. Further impacts to this species

from this project are unlikely.
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COSEWIC’s update status report on the Eskimo Curlew is as follows:

“Eskimo Curlew

Scientific name -- Numenius borealis
Assessment Summary — November 2009
COSEWIC Status — Endangered

Reason for designation -- This bird is a species of shorebird with 100% of
its known breeding range in Arctic Canada. Formerly abundant, the
population collapsed in the late 1800s, primarily owing to uncontrolled
market hunting and dramatic losses in the amount and quality of spring
stopover habitat (native grasslands). The population has never recovered,
and there have been no confirmed breeding records for over 100 years, nor
any confirmed records of birds (photographs/specimens) since 1963. As
such, less than 50 years have elapsed since the last confirmed record.
However, there are some recent sight records that suggest the possibility
that a very small population (fewer than 50 mature individuals) may still
persist in remote arctic landscapes. The primary factors limiting recovery
are the very low population size, no known chance of rescue from outside
populations, and the historic and ongoing conversion of native grasslands
on its spring staging areas in Canada and the U.S. and on its wintering
grounds in Argentina.

Occurrence -- Yukon, Northwest Territories, Nunavut, Alberta,
Saskatchewan, Manitoba, Ontario, Quebec, New Brunswick, Prince
Edward Island, Nova Scotia, Newfoundland and Labrador

Status history -- Designated Endangered in April 1978. Status re—
examined and confirmed Endangered in May 2000 and November 2009”
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The Department of Environment and Conservation describe the Eskimo Curlew
as follows:

Figure 31 - DEC Information Sheet of the Eskimo Curlew

Eskimo Curlew
(Numenius borealis)

s The Eskimo Curlew is a pigeon-sized shorebicd.

» It has long legs and a fairly long, thin, slightly
denwn-curving bill,

= s upper parts are brown, its hreast and
abdomen are rusty-veliow or buff, and it has
sodid brosn feinnamon under-wings

Provinecial Distribution Habitat/ Range

Eakimmn Curdew nest b L Bosthwest Terditovies.: Duciog, (el 2]l
migration, they use copstal barmens on the coasts of Newfoundland

= Fange Lt o nd Labrador before a non-stop flight to their wintering ground in
@ G| Sonth America.
Population Trends
- The Eskima Curlew ance numberad in the hundeeds of thousands,
: but declined rapidly after the 18705, Sightings, even unconfirmed
-_}: sightings, of the Eskima Curlew are extremely rare and no
speciimen hag been collected since the 19608 Many people believe
. that this bird may be extinct.
C Limiting Factors and Threats
Historically this bird was ghot in large numbsers. Currently, their
L extremely low population size puls them at dsk from stochastic
Events.
Special Significance
- The Eskimo Corlew was similar to the Passenger Pigeon in that it
q wis the subject of 4 large commencial hunt which was not stopped
g " unifil 1916, Thousands were shot each tall providing a source of {ood
5 ; L L and income,

It would be very uncommon to encounter the Eskimo Curlew in Placentia Bay
as it is not the bird’s preferred range or habitat. To ensure that chance
encounter does not disturb further this animal; the containment net for the sea
cages has mesh size that is sufficiently small at 35 mm to prevent the bird from
entering the net and accidentally entrapping itself. The top of the sea cage is
covered by netting as well preventing entry by that route. Further impacts to
this species from this project are unlikely.

Page 77 of 131



ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 2: PLACENTIA ATLANTIC SALMON AQUACULTURE PROJECT

There are three species of marine fish, and they are all wolfish, on COSEWIC’s
Schedule 1 list for the Atlantic Ocean that have the ability to frequent the
project area. They are the Atlantic Wolfish (Special Concern) Anarhichas
lupus, Northern Wolfish (Threatened) Anarhichas denticulatus, and Spotted
Wolfish (Threatened) Anarhichas minor. COSEWIC’s update status report on
the three species of wolffish is as follows:

“Atlantic Wolffish

Scientific name -- Anarhichas lupus
Assessment Summary — November 2012
Status -- Special Concern

Reason for designation -- This species underwent steep declines in both
abundance and area of occupancy over much of its range from the 1980s
until the mid-1990s, including its historical stronghold in waters east and
north of Newfoundland. Since then it has been increasing in abundance
and area of occupancy. While these recent increases are encouraging, the
species remains at low abundance compared to the early 1980s.
Population increases have probably been aided by reduced commercial
fisheries, which take wolffish as bycatch. There have been continuing
declines in abundance on the Scotian Shelf and in the Southern Gulf of St.
Lawrence, where historically there were fewer individuals than in areas to
the east and north.

Occurrence -- Arctic Ocean, Atlantic Ocean

Status history -- Designated Special Concern in November 2000. Status re-
examined and confirmed in November 2012

Northern Wolffish

Scientific name -- Anarhichas denticulatus
Assessment Summary — November 2012
Status -- Threatened

Reason for designation -- This species underwent strong declines in both
abundance and in range size during the 1980s. For the next decade there
was little change, but since about 2002 there have been small increases in
both range size and abundance. These have been in parallel with recovery
measures, including mandatory release of individuals taken as bycatch.
While these recent increases are encouraging, the species is still at very
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low levels compared with the beginning of research surveys in the 1970s.
Although there has been a general decrease in the level of fishing over its
range, its recovery may still be limited by bycatch in fisheries in the deep
waters in which it occurs.

Occurrence -- Arctic Ocean, Atlantic Ocean

Status history -- Designated Threatened in May 2001. Status re-examined
and confirmed in November 2012.

Spotted Wolffish

Scientific name -- Anarhichas minor
Assessment Summary — November 2012
Status -- Threatened

Reason for designation -- This species underwent strong declines from the
late 1970s until the mid-1990s, but since then there has been some
recovery over most of its Canadian range. This is indicated by both
increases in abundance and area of occupancy. These increases parallel a
reduction in bottom fisheries that had a high incidental catch of this
species, as well as introduction of recovery measures including mandatory
release. While these recent increases are encouraging, the species is still
at low levels compared with the beginning of the research surveys.

Occurrence -- Arctic Ocean, Atlantic Ocean

Status history -- Designated Threatened in May 2001. Status re-examined
and confirmed in November 2012.”

The habitat and range of these three species of wolffish is outside that
considered for this undertaking. These fish are benthic and often cave dwelling
and would not have occasion to be accidently entrapped during the deployment
of the net during setup. The Standard Operating Practice (SOP) of net
inspection after setting would look for and detail any species accidently
trapped. Should any species at risk be accidently entrapped they will be
immediately released and the incident reported to the Department of Fisheries
and Oceans (DFO) and the Department of Fisheries and Aquaculture (DFA). It
would be very unlikely that this project would have any impact on these
species of wolffish.
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There are four marine mammals from COSEWIC’s Schedule 1 list for the
Atlantic Ocean that are in the Large Ocean Management Area that includes
Placentia Bay and have the ability to frequent the project area. They are the
Fin Whale (Special Concern) Balaenoptera physalus, the Blue Whale
(Endangered) Balaenoptera musculus, the Atlantic Right Whale (Endangered)
and the Beluga Whale (Endangered). COSEWIC’s update status report on the
four whale species is as follows:

“Beluga Whale (St. Lawrence Estuary population)
Scientific name -- Delphinapterus leucas
Assessment Summary — November 2014

COSEWIC Status — Endangered

Reason for designation -- This population, endemic to Canada, is at the
southernmost limit of the species’ distribution, and is reproductively and
geographically isolated from other populations. This population of a long-
lived, slowly reproducing species was severely reduced by hunting, which
continued until 1979. Since population monitoring surveys began in the
1980s, the total population size has remained at around 1000 individuals -
- less than 20% of the population size in the late 1800s or early 1900s. The
major threats currently affecting this population include pathogens, toxic
algal blooms, pollution, noise disturbance, and other human intrusions and
disturbance. The impacts of these threats are likely amplified by the low
number of mature individuals remaining in the population. Since the mid-
2000s, the population has shown evidence of major demographic changes
including increased neonate mortality and a decline in the proportion of
young individuals in the population. These trends, together with past and
ongoing habitat degradation, and projected increases in threats, suggest
that the status of this population has worsened and is at considerably
greater risk than when it was previously assessed by COSEWIC in 2004.

Occurrence -- Quebec, Atlantic Ocean

Status history -- Designated Endangered in April 1983. Status re-examined
and confirmed in April 1997. Status re-examined and designated
Threatened in May 2004. Status re-examined and designated Endangered
in November 2014.
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North Atlantic Right Whale

Scientific name -- Eubalaena glacialis
Assessment Summary - November 2013
Status — Endangered

Reason for designation -- This long-lived, slowly reproducing whale species
was driven nearly to extinction by commercial whaling but has been
protected from whaling since 1935. The whales found in Canada are part
of a single global population of the species, which is endemic to the North
Atlantic Ocean. Since 1990, the total population has been increasing at a
rate of approximately 2.4% per year. The total population in 2010,
including all age classes, was estimated at 468 individuals, of which
between 122 and 136 were adult females. The estimated number of
mature individuals, after accounting for a male-biased sex ratio among
adults, and for a small number of females that are incapable of
reproducing, is between 245 and 272. The rate of population growth is
lower than would be predicted based on the biology of the species and is
limited by ship strikes and entanglements in fishing gear. Although
measures have been implemented in both Canada and the United States to
lessen ship strikes, they continue to occur and ship traffic is expected to
increase significantly within the range of the species in coming decades.
Further, adult females appear to be more prone to being struck than males.
Limited efforts have also been made to reduce the incidence and severity
of entanglements, but these events remain a major cause of injury and
mortality.

Occurrence -- Atlantic Ocean. The population typically congregates in the
lower Bay of Fundy and on the Scotian Shelf during summer and fall, and
small numbers occur in two areas of the Gulf of St. Lawrence—one north
and east of the Gaspé Peninsula, and the other southeast of the Gaspé
Peninsula in the mouth of Chaleur Bay (Baie-des-Chaleurs).

Status history -- The Right Whale was considered a single species and
designated Endangered in 1980. Status re-examined and confirmed in
April 1985 and in April 1990. Split into two species in May 2003 to allow
a separate designation of the North Atlantic Right Whale. North Atlantic
Right Whale was designated Endangered in May 2003 and November
2013.
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Blue Whale (Atlantic population)
Scientific name -- Balaenoptera musculus
Assessment Summary — May 2012
Status — Endangered

Reason for designation -- Whaling reduced the original population of this
species. The population size is unknown but there are likely fewer than
250 mature individuals in Canada. There are also strong indications of a
low calving rate and a low rate of recruitment into the population. The
known causes of human-induced mortality of this species in Canada and
elsewhere are ship strikes and entanglements in fishing gear. The species
may also be vulnerable to disturbances due to increased noise in the
marine environment and to changes in the abundance of its prey
(zooplankton) through, for example, long-term changes in the climate.

Occurrence -- Atlantic Ocean. A total of 16 Blue Whales (5 off
Newfoundland and 11 in the Gulf of St. Lawrence and Scotian Shelf) were
sighted during a 2007 DFO survey of Atlantic Canadian shelf waters from
northern Labrador (60°N) to the US border. The survey was designed to
increase the likelihood of sighting Blue Whales by apportioning higher
effort to areas where they had been sighted previously (Lawson and
Gosselin 2009). Too few sightings were obtained to derive an estimate of
abundance but the low number of sightings is consistent with previous
estimates suggesting there are < 250 mature individuals. There have been
few sightings of Blue Whales in the Gully area of the Scotian Shelf over the
past 20 years and no trend has been evident (Whitehead 201 1).
Researchers in the Gulf of St. Lawrence report that only 21 calves have
been recorded in over 32 years of annual sighting effort (Ramp 2011).
Although Blue Whales are present off Newfoundland and Nova Scotia, no
cow-calf pairs have been sighted there (Lawson 2011).

Status history -- The species was considered a single unit and designated
Special Concern in April 1983. Split into two populations in May 2002. The
Atlantic population was designated Endangered in May 2002. Status re-
examined and confirmed in May 2012.

Fin Whale (Atlantic population)
Scientific name -- Balaenoptera physalus
Assessment Summary — May 2005
Status -- Special Concern

Reason for designation -- The size of this population was reduced by
whaling during much of the 20th century. However, sightings remain
relatively common off Atlantic Canada, and they have not been hunted
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since 1971. The current abundance and level of depletion compared with
pre-whaling numbers are uncertain. The whales face a number of current
threats including ship strikes and entanglement in fishing gear, but none is
believed to seriously threaten the population.

Occurrence -- Atlantic Ocean Fin whales are found in all oceans of the
world and generally make seasonal migrations from low-latitude wintering
areas to high-latitude summer feeding grounds. Winter distribution
appears to be less concentrated. The locations of the wintering grounds
are poorly known. Summer concentrations in the western North Atlantic
are in the Gulf of St. Lawrence, on the Scotian Shelf, in the Bay of Fundy,
in the nearshore and offshore waters of Newfoundland, and off Labrador.

Status history -- This species was considered a single unit and designated
Special Concern in April 1987. Split into two populations (Atlantic and
Pacific) in May 2005. The Atlantic population was designated Special
Concern in May 2005. Last assessment based on an update status
report.”

The habitat and normal distribution of two species of these whales are well
outside that considered for this undertaking; the Beluga and the Right whales
are generally to be found in the Bay of Fundy and the Gulf of St. Lawrence.
The Blue and Fin whales have a normal distribution that might place them in
vicinity of this project. These whales are sufficiently large that it should not be
possible to be accidently entrap them during the deployment of the net during
setup. The mooring, grids and bridles are straight lines and entanglement
should not be possible. The Standard Operating Practice (SOP) of net
inspection after setting would look for and detail any species accidently
trapped. Should any species at risk be accidently entrapped they will be
immediately released and the incident reported to the Department of Fisheries
and Oceans (DFO) and the Department of Fisheries and Aquaculture (DFA). It
would be very unlikely that this project would have any impact on these
species of whales.

There is one reptile on COSEWIC’s Schedule 1 list for the Atlantic Ocean that
has the ability to frequent the project area. This is the Leatherback Sea Turtle
(Endangered) Dermochelys coriacea. COSEWIC’s update status report on the
Leatherback Sea Turtle is as follows:

“Leatherback Sea Turtle - Atlantic population
Scientific name -- Dermochelys coriacea
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Assessment Summary — May 2012
Status — Endangered

Reason for designation -- Globally, this species is estimated to have
declined by more than 70%. In the Atlantic, this species continues to be
impacted by fisheries bycatch, coastal and offshore resource development,
marine pollution, poaching of eggs, changes to nesting beaches and
climate change. Canadian waters provide an important foraging area for
these turtles. There they are threatened by entanglement in longline and
fixed fishing gear.

Occurrence -- Atlantic Ocean. Leatherbacks in Atlantic Canada occur in
both offshore and coastal waters (range 2 to 5,033 m depth). Most
sightings are from continental shelf (waters inside the 200 m isobath).

Median depth of sightings is 113 m and mean sea surface temperature
(SST) is 16.6°C.

Status history -- The species was considered a single unit and designated
Endangered in April 1981. Status re-examined and confirmed in May
2001. Split into two populations in May 2012. The Atlantic population was
designated Endangered in May 2012.”

The Leather Back Sea Turtle has a normal distribution that might place it in
vicinity of this project. It may be possible to accidently entrap them during the
deployment of the net during setup or net changes. The mooring, grids and
bridles are straight lines and entanglement should not be possible. The mesh
of the net is sufficiently small at 35 mm that entanglement should not be
possible. The Standard Operating Practice (SOP) of net inspection after setting
or changing would look for and detail any species accidently trapped. Should
any species at risk be accidently entrapped they will be immediately released
and the incident reported to the Department of Fisheries and Oceans (DFO)
and the Department of Fisheries and Aquaculture (DFA). It would be very
unlikely that this project would accidently entrap a Leather Back Sea Turtle or
have any impact on this animal.

COSEWIC’s Schedule 1 list for the Atlantic Ocean indicates that the Harlequin
Duck (Special Concern) Histrionicus histrionicus have the ability to frequent
the project area. The COSEWIC status report for the Harlequin Duck is as
follows:

“Harlequin Duck (Eastern population)
Scientific name -- Histrionicus histrionicus
Assessment Summary - November 2013
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Status -- Special Concern

Reason for designation -- Though increases have been recorded in
southern parts of its breeding range, the population size of this sea duck
remains relatively small. Its tendency to congregate in large groups when
moulting and on its marine wintering areas makes it susceptible to
catastrophic events such as oil spills. Such threats are substantial and
are likely increasing, and are of particular significance for populations of
long-lived species such as this sea duck, which can be slow to recover. Its
population also appears to rely on continued management efforts,
particularly those involving restrictions on hunting.

Occurrence -- Nunavut, Quebec, New Brunswick, Nova Scotia,
Newfoundland and Labrador. In Canada, there are two widely disjunctive
populations: one in the east and one in the west. The western population
breeds in Alberta and British Columbia. The eastern population breeds in
Québec, Newfoundland and Labrador, New Brunswick, and Nunavut.
Based largely on wintering ranges, the eastern population can be
segregated into two management units: an Eastern North American
Wintering Population (EWP); and, a Greenland Wintering Population (GWP).
Individuals within the EWP breed in northern New Brunswick, the Gaspé
Peninsula of Québec, and on rivers emptying into the Québec North Shore,
southern and central Labrador, and Newfoundland. Adults within the
GWP breed in northern Québec, northern Labrador, Nunavut, and southern
areas of western and eastern Greenland. The EWP wintering areas are
situated primarily in coastal Atlantic Canada, Saint-Pierre-et-Miquelon
(Territory of France), and the eastern seaboard of the United States as far
south as Virginia. The GWP overwinters off the southwestern coast of
Greenland.

Status history -- The Eastern population was designated Endangered in
April 1990. Status re-examined and designated Special Concern in May
2001 and November 2013.”
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The Department of Environment and Conservation describe the Harlequin
Duck as follows:

Figure 32 - DEC Information Sheet of the Harlequin Duck

Harlequin Duck

{Histrionicus histrionicus)

= The Harleguin Duck is & small subaretic sea
duck.

s Males have slate biue plumage, chestrut
sides, and sireaks of white on their head and
body, Their head haz a black stripe with a
chestnul stripe an either side.

o Females are plain brownish-grey with
patehes of white bahind, helow, and in firong
of their cyes.

Provineial Distribution Habitat/ Range

The castern population of Hadequin Duck breeds mostly in fast
flowing vivers in Quéhee and Mewlfoundland and Labrador.

0% Wintering habitat consists of rocky coastline, subtidal ledges, and
% 1 expoged headlands. Cape 5t Mary's is the main wintering site in
F1 this Province,

= R L kamil

Population Trends

Abol 200 Harleguin Ducks winter off the coast of Mewloundiand
ansd Labradaor as the eastern population. While population levels of
this rare duck are increasing al the four key wintering locations in
o eastern North America, the eastern populztion has still not reached
' suslainable lovels

ﬂ'ﬂv

| Limiting Factors and Threats
4 In bresding hakdtats timber harvest and hydroslectric development
may pose a threat to Harleguin Ducks. In wintering and moulting
tocaticns, fishing nets, agquaculture development, ilegal fincidental
harvest, disturbance, and chronic and eztastrophic ciling are poten:
e i tial threats.
T e w Special Significance
L L A T Wt This little, colourful duck cecupies a unique and harsh environmen!
o : similar bo s extinel cousin, the Labrador Duck,

The mesh of the fish containment net is sufficiently small at 35 mm to prevent
the Harlequin Duck from entering the net. The top of the pen is covered by
netting as well preventing entry. Under the both SARA and ESA the
prohibitions do not apply to species of Special Concern or Vulnerable. Further
impacts to this species from this project are unlikely.
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COSEWIC’s Schedule 1 list for the Atlantic Ocean indicates that the Barrow’s
Goldeneye (Special Concern) Bucephala islandica have the ability to frequent
the project area. The COSEWIC status report for the Barrow’s Goldeneye is as
follows:

“Barrow’s Goldeneye (eastern population)
Scientific name -- Bucephala islandica
Assessment Summary — November 2000
Status -- Special Concern

Reason for designation -- Numbers of individuals in this eastern population
are limited. Although threats such as limited habitat availability and oil
spill potential have been identified, none is currently at a scale that would
impact negatively on the population.

Occurrence - Quebec, New Brunswick, Nova Scotia, Prince Edward Island
and Newfoundland. The eastern Canadian population of Barrow’s
Goldeneyes is centered in Québec where probably over 90-95% of the birds
breed and winter.

Status history -- Designated Special Concern in November 2000.
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The Department of Environment and Conservation describe the Barrow’s
Goldeneye as follows:

Figure 33 - DEC Information Sheet of the Barrow’s Goldeneye

Barrow’s Goldeneye
{ Bucephala islandica)

s The Barrow's Goldeneye is & medivm-sived sen duck with
i large rounded head and vellow eves

o Males hiave a black back and wings, a white bellv and
breasts, o purplish-black head, and o white crescent-
shaped patch at the base of their hill

»  Females have a chocolate brown head, a grevish booan
back, and a whitish belly and fanks.

s They form monogamous paits and have strong  fidelity to
hreeding and wintering areas.

Provinecial Distribation Hahitat/ Range

While this rare duck is most comman in Québee, Newfoundland

and Lahsador is also wsed by the Barmow’s Goldeneye as a malting

and wintering area, Groups of molting birds have been found as far

@ | narth &s Little Ramah Bay, Laheador, bat have more commuoniy
A ,. been reported from the north coast of Newfonndlamd.

- Range Limil

-

Population Trends

ol The world distribution of Barrow's Goldeneve consists of three

'ﬁ.‘_ separale |}-;;lp:||."|1i-:_:||'|.-§.. Thare are :'||:|r'rr_:n.~:;|:'|:'|:|1£~]'_n.' 4500 Barrow's
& Gaoldeneve in the eastern North America popalation,

Limiting Faclors and Threats

Because the Barrow's Goldeneye population congregates in a
relatively small geographic aveas in important shipping corvidors, il
is & risk of being limited by oil spills and biosceulmulation of
environmental contaminants. Barrow's Goldeneyve are also
incidentally killed each year by hunters.

L > . Special Significance
e B B These rare ducks dive for their fond and are able to stay underaater
B L o ST | forupto70seconds,

The mesh of the fish containment net is sufficiently small at 35 mm to prevent
the Barrow’s Goldeneye from entering the net. The top of the pen is covered by
netting as well preventing entry. Under the both SARA and ESA the
prohibitions do not apply to species of Special Concern or Vulnerable. Further
impacts to this species from this project are unlikely.
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The LOMA Placentia Bay / Grand Banks Management Plan indicates that the
Banded Killifish Fundulus diaphanous may occur near the project sites. The
COSEWIC status report for the Banded Killifish is as follows:

Banded Killifish (Newfoundland populations)
Scientific name -- Fundulus diaphanous
Assessment Summary -- May 2014

Status -- Special Concern

Reason for designation -- This species has a scattered distribution in
insular Newfoundland and occupies a small area of occupancy. The
species can be impacted negatively by turbidity and hydrological
alterations that result from road, forestry, cottage, and hydrological
development. It could become Threatened if these impacts are not
managed or reversed with demonstrable effectiveness.

Occurrence -- Newfoundland and Labrador. The Banded Killifish is
distributed throughout much of eastern North America including the
Atlantic provinces and most of the Great Lakes-St. Lawrence basin. In
Newfoundland, the species has a scattered distribution but is concentrated
along the southwest coast (Grand Bay West, Loch Leven, St. George's Bay,
Bay of Islands, and Cow Head). Other apparently disconnected
populations in Newfoundland are present on Ramea Island, the northeast
coast (Indian Bay Watershed), the Burin Peninsula (Freshwater Pond,
Winterland, and Garnish Pond) and in the headwaters of the Exploits River
(Star Pond). An introduced population is present in Burton's Pond, St.
John's. Ten locations are known, although recent survey work suggests
the possibility of additional unknown locations.

Status history -- Designated Special Concern in April 1989. Status re-
examined and confirmed in May 2003 and May 2014.
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The Department of Environment and Conservation describe the Banded
Killifish as follows:

Figure 34 - DEC Information Sheet of the Banded Killifish

Banded Killifish

(Fundulus diaphanus)

»  Banded killifish are a small fish, about 75 mm
in length that live for 3 to 4 vears.

« They have an elongated and slender body
that is slightly Mattenead al the back of the
head,

»  Banded kallifish have a dark brown Lo alive-
green back and sitvery or vellowish sides,

»  They have white bamds on their belly and

numersus blgck, vertical hands on their hack. 0, Abalemarcs Ko
I ——
Provinecial Distribution Habitat; Range

Banded killifish are found thronghout sontheastern Canada, In this
Privvinee they are onby known from seversl locations on the west
j , coast, northeast coast, and Burin Peninsula of Newioundland,
i, These Iocations represent the castern most extent of this speeies’
@ 3 range and a unigue Canadian population. Banded killifish are most
uften zeen in the shallow areas of clear ponds with a roddy/sandy

3 substrate, high detrital content, and submerged agquatic vegetation

i Population Trends

ﬁ: E They are abundant within the confined regions of the watersheds in
B which they are found, bul these regions are widely seattered,

Limiting Factors and Threats
: Banded killifish are limited by small numbers of available hahitat
L and barriers, such as steep gradients, impassible vapids, and water
; falls, which restrict access to some of this habital. Anv habitat loss
f ur pollution associated with forestey or land use/development
wrthd put these rare fish at further risk,

e 5 %
N i Special Significance -
' e o+ | | The population of banded killifish in Newfoundland and Labrador
——i et = | i5 isnlated from mainland populations and research is ongoing to
e o e ) determine if it i5 a distinel subspecies.

The species occurs in freshwater or estuarine habitats. These types of habitats
are not in vicinity of the sea cage project areas. Under the both SARA and ESA
the prohibitions do not apply to species of Special Concern or Vulnerable.
Further impacts to this species from this project are unlikely.
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COSEWIC placed Atlantic salmon Salmo salar - South Newfoundland
population (DU4) on its list of threatened species. The COSEWIC Technical
Summary is as follows:

Demographic Information: Generation time (average age of parents in the
population) 4.1 yrs.

Estimated percent decline in total number of mature individuals in 2007
versus 1993 (3 generations) 36%

[Projected or suspected] percent [reduction or increase] in total number of
mature individuals over the next [10 or 5 years, or 3 or 2 generations].
Unknown

[Observed, estimated, inferred, or suspected] percent [reduction or
increase] in total number of mature individuals over any [10 or 5 years, or
3 or 2 generations| period, over a time period including both the past and
the future. N/A

Are the causes of the decline clearly reversible? No

Are the causes of the decline understood? No

Have the causes of the decline ceased? No

Observed trend in number of populations: Stable

Are there extreme fluctuations in number of mature individuals? No
Are there extreme fluctuations in number of populations? No

Extent and Area Information Estimated extent of occurrence >20,000 km?.
Observed trend in extent of occurrence: Stable

Are there extreme fluctuations in extent of occurrence? No

Index of area of occupancy (IAO) >2,000 km2

Observed trend in area of occupancy: Stable

Are there extreme fluctuations in area of occupancy? No

Is the total population severely fragmented? No

Number of current locations 104 known rivers.
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Trend in number of locations: Stable

Are there extreme fluctuations in number of locations? No
Trend in [area and/or quality] of habitat: Stable
Quantitative Analysis:

Threats (actual or imminent, to populations or habitats): Recreational
and illegal fisheries, commercial fishery in St. Pierre and Miquelon,
ecological and genetic interactions with escaped domestic Atlantic
Salmon, poorly understood changes in marine ecosystems resulting
in reduced survival during the marine phase of the life history.

Rescue Effect (immigration from an outside source): Status of outside
population(s)? Nearby Labrador and Newfoundland populations are stable
or increasing.

Is immigration known? No

Would immigrants be adapted to survive in Canada? Unknown
Is there sufficient habitat for immigrants in Canada? Yes

Is rescue from outside populations likely? No

Current Status COSEWIC: Threatened (Nov 2010)

Status and Reasons for Designation Status: Threatened
Alpha-numeric code: A2b

Reasons for designation: This species requires rivers or streams that are
generally clear, cool and well-oxygenated for reproduction and the first few
years of rearing, but undertakes lengthy feeding migrations in the North
Atlantic Ocean as older juveniles and adults. This population breeds in
rivers from the southeast tip of the Avalon Peninsula, Mistaken Point,
westward along the south coast of Newfoundland to Cape Ray. The
numbers of small (one-sea-winter) and large (multi-sea-winter) salmon
have both declined over the last 3 generations, about 37% and 26%,
respectively, for a net decline of all mature individuals of about 36%. This
decline has occurred despite the fact that mortality from commercial
fisheries in coastal areas has greatly declined since 1992; this may be due
to poor marine survival related to substantial but incompletely understood
changes in marine ecosystems. Illegal fishing is a threat in some rivers.

Page 92 of 131



ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 2: PLACENTIA ATLANTIC SALMON AQUACULTURE PROJECT

The presence of salmon aquaculture in a small section of this area brings
some risk of negative effects from interbreeding or adverse ecological
interactions with escaped domestic salmon. Genetic heterogeneity among
the many small rivers in this area is unusually pronounced, suggesting
that rescue among river breeding populations may be somewhat less likely
than in other areas.

Applicability of Criteria Criterion A (Decline in Total Number of Mature
Individuals): Meets Threatened, A2b. The decline over the last 3
generations has been 36%. Criterion B (Small Distribution Range and
Decline or Fluctuation): Not applicable. Criterion C (Small and Declining
Number of Mature Individuals): Not applicable. Criterion D (Very Small
Population or Restricted Distribution): Not applicable. Criterion E
(Quantitative Analysis): Not applicable.

In subsequent years since the designation the Department of Fisheries and
Oceans have been very active quantifying the extent of the problem. In 2013
the Canadian Science Advisory Secretariat issued Report 2012/007 “Recovery
Potential for the South Newfoundland Atlantic Salmon (Salmo salar
Designatable Unit” http://www.dfo-mpo.gc.ca/csas-sccs/Publications/SAR-
AS/2012/2012 007-eng.pdf and summarizing as follows:

e The South Newfoundland Atlantic salmon (Salmo salar L.) DU 4 comprises
Salmon Fishing Areas (SFAs) 9-12 and the population is estimated to have
declined by 42.4% over the last three generations (1996-2010; small
salmon 41.5% and large salmon 48.3%).

e The most substantial estimated decline occurred in SFA 11 which strongly
influenced the total abundance for DU 4.

e Marine survival (smolts to adult) is variable in DU 4, averaging 4% (£ 2%),
and seems to have declined more in SFA 11 than in SFA 9, as evidenced
by Conne River’s (SFA 11) decline of 61.6% from 1987-2010; Northeast
Brook’s (SFA 9) 18% decline (1986-2010); and Rocky River’s increase of
33.5% (1991-2010).

e Population projections over three generations (15 years) and under
different recreational fishery management scenarios were undertaken for
the South Newfoundland (DU 4) Atlantic salmon population to estimate the
probabilities of: (1) maintaining current population levels, (2) achieving the
Conservation Requirement, and (3) achieving the Pre-Decline Mean (1981-
1995).
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e According to these projections, under contemporary marine and angling
mortality rates, there is a 50% chance that the DU 4 population will drop
below its current size. There is a 23% chance of achieving the
Conservation Requirement and 12% chance of achieving the Pre-decline
mean.

e Under a “no-angling” scenario and a contemporary marine survival rate of
4% (x 2%), there is a 74% chance that the population will remain at or
exceed its current size. There is a 52% chance of achieving the
Conservation Requirement and 27% chance of achieving the Pre-decline
mean.

e Under a “catch-and-release only” angling scenario and a contemporary
marine survival rate of 4% (£ 2%), there is a 70% chance that the
population will remain at or exceed its current size. There is a 42% chance
of achieving the Conservation Requirement and 26% chance of achieving
the Pre-decline mean.

e According to these projections, over the next three generations (15 years) a
minimum 5% average marine survival, at contemporary angling levels,
would be required to have a 75% chance of maintaining or exceeding the
current population size. To achieve the Conservation Requirement, marine
survival would need to increase to an average of 6% and increase to an
average of 7% to achieve the Pre-decline mean.

e Under a “no-angling” scenario, a minimum 5% average marine survival
would be required to have a 75% chance of maintaining or exceeding the
current population size. To achieve the Conservation Requirement, marine
survival would need to be an average of 5% and increase to an average of
6% to achieve the Pre-decline mean.

e Under a “catch-and-release only” angling scenario, a minimum 5% average
marine survival would be required to have a 75% chance of maintaining or
exceeding the current population size. To achieve the Conservation
Requirement marine survival would need to be an average of 5% and
increase to an average of 6% to achieve the Pre-decline mean.

e Freshwater habitat quality and quantity are not thought to be limiting the
production or recovery of DU 4 salmon.

e The greatest threat to the recovery of the South Newfoundland Atlantic
salmon population is continued low marine survival. Factors influencing
marine survival may include: illegal fisheries, mixed-stock marine fisheries
and by-catch, ecological and genetic interactions with escaped domestic
Atlantic salmon, and changes in marine ecosystems. The degree of
influence of these factors is unknown and many have the potential to
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affect salmon in other DUs where populations have been stable or
increasing.

e Understanding the possible unique factors that impact the biological
condition of Atlantic salmon during the marine phase of their life-cycle and
marine habitat quality within the DU 4 area are key knowledge gaps that
need to be addressed.

In 2013 DFO looked deeply into available data to scientifically model the South
Newfoundland Population of Atlantic salmon “Population viability analysis for
the South Newfoundland Atlantic Salmon (Salmo salar) designatable unit”
http:/ /www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-
DocRech/2013/2013_090-eng.pdf . The Abstract of that paper is as follows:

“Analyses of recent status and trends as well as a population viability
analysis (PVA) were conducted for the South Newfoundland Atlantic
Salmon designatable unit (DU 4). Trend analyses were conducted for each
South Coast Salmon Fishing Area (SFAs 9-12), four currently monitored
rivers (Conne River, Little River, Northeast Brook and Rocky River) and the
composite index of these rivers. For individual rivers, only Conne River
and Little River in SFA 11 had statistically significant declines in salmon
abundance since 1996 (56% and 71% respectively). Population viability
analyses were conducted using eight average marine survival values (2%
to 9%) and four fishing mortality rates: no angling, catch-and-release only
angling, half of current angling and current angling (includes retention and
catch-and-release mortality). All possible combinations of marine survival
values and fishing mortality rates were assessed to estimate the
probability of meeting or exceeding each of three population abundance
levels in the next 15 years: current population size, conservation
requirement/recovery target and the pre-decline mean. Under current
conditions (1996-2010) the probability of DU 4 Atlantic Salmon meeting or
exceeding the conservation requirement/recovery target in the next 15
years was 27%. Removing angling mortality increased this probability to
50%. As expected, marine survival has a very strong influence on the
potential recovery of DU 4 salmon. An increase in average marine survival
from 4% to 5% over the next 15 years improved the probability of achieving
the conservation requirement/recovery target from 27% to 66% under
current angling rates. This probability reaches 85% with no angling. Given
that estimated catch-and-release fishing mortality was relatively low,
population projections were generally similar to no angling. The
probability of DU 4 Atlantic Salmon remaining at their current population
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size over the next 15 years was 48% under current angling rates and 72%
under no angling. These proportions increase to 87% and 96%,
respectively, if average marine survival increased from 4% to 5% over the
next 15 years. In general, the probability that DU 4 Atlantic Salmon
abundance will increase was greatly improved with higher marine
survival rates and management measures to reduce angling
mortality.

In 2015 COSEWIC provided a clarification to DFO with regard to farm raised
Atlantic salmon vis-a-vis wild salmon “Clarification note for: COSEWIC
assessments and update status reports conducted on Atlantic salmon (Salmo
salar) in 2010”.

http:/ /www.sararegistry.gc.ca/virtual sara/files/cosewic/CosClarificationNote
SauAtlSIn-v00-2015Dec02-Eng.pdf The main statement from COSEWIC on the
question is as follows: “Aquaculture Atlantic Salmon are raised for
commercial purposes, not for conservation of the wildlife species, and are
genetically distinct from wild salmon and are thus excluded from
assessments under this guideline.”

The proponent fully acknowledges of the seriousness of the risk / threat of
extirpation of South Newfoundland Atlantic salmon which encompasses the
region of Placentia Bay as proposed in this undertaking. It is with this
acknowledgement that the proponent will reduce the risk or threat of its
operations to local wild stocks of Atlantic salmon to that of insignificance. The
proponent will reduce the risk potential of harm to insignificance by engaging
directly to eliminate risk by compounding a number of initiatives that
individually should suffice to eliminate risk. The proponent will actively
employ in its Placentia Bay Management Plan (Appendix K) detailed initiatives
to manage risk. The risks that sea cage salmon farming can pose to local wild
stocks if not managed are as follows:

e Hybridization or colonization of local stocks of salmon by breeding with
escaped farmed fish — genetic practices;

e Incomplete containment practices that provide escape risk; and,
e Incomplete husbandry practices that provide disease risk.

The proponent will reduce risk and threat to local stocks as stated above in the
following manner:
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Genetic Practices:

Genetic interactions will be eliminated by utilizing farmed stocks of Atlantic
salmon that have been made sterile. The proponent will use reproductively
incapacitated from SalmoBreed/Stofinfiskur landbase broodstock facilities in
Iceland (Appendix J). The eggs to be used will be of European origin and sterile
using pressure techniques for rendering salmon triploid. In 2015 DFO under
the auspices of the Canadian Science Advisory Secretariat undertook a detailed
examination of the case for importing European-origin salmon “Biocontainment
measures to reduce/mitigate potential post-escape interactions between
cultured European-origin and wild native Atlantic salmon in Newfoundland”
http:/ /www.dfo-mpo.gc.ca/csas-sccs/Publications/ResDocs-
DocRech/2015/2015_003-eng.pdf . The abstract for the paper is as follows:

“This paper reviews the literature and makes recommendations on
biocontainment measures to reduce or mitigate potential post-escape
interactions between farmed European-origin and wild native Atlantic
salmon in the south coast of Newfoundland. In the absence of effective
measures to prevent the escape of farmed salmon or to recapture them
post-escape, the only effective method to minimize their impacts on wild
populations is to ensure that farmed populations are comprised solely of
sterile fish through the use of all-female triploids. The technology for
producing all-female triploid populations is simple and easily applied on a
commercial scale, and routinely results in populations that are entirely
female and more than 98% triploid. Aside from sterility, there are no
population-wide phenotypic effects of triploidy, although triploids do tend
to perform less well than diploids with respect to commercial culture
characteristics and, if released to the wild, are not likely to outcompete or
displace native salmon. Some uncertainties do exist with respect to their
disease resistance and their potential to become reservoirs for the spread
of pathogens to wild populations. If the spawning potential of escaped
European-origin Atlantic salmon is deemed to pose an unacceptable risk to
native Atlantic salmon populations in the south coast of Newfoundland,
then all-female triploid populations could be used to reduce risk. Research
should continue to focus on improvement of triploid performance through
breeding programs and optimization of husbandry, including nutrition,
rearing environment, and fish health.”

The following is a summation of triploid information for Atlantic salmon:

What is a triploid fish?

How do they become triploid and how effective is the process?
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What is a “triploid” fish?

A triploid animal is one that has three sets of chromosomes instead of two.
Triploids, as they are called, do occasionally occur in nature. Their
survival differs between species; however, there have proven to be viable
individuals in many finfish and shellfish species. Immediately after
fertilization, the fertilized egg usually ejects the second set of maternal
DNA, leaving two sets- one maternal, one paternal. In a triploid individual,
though, this doesn’t happen. Both sets of maternal DNA are retained in
addition to the paternal DNA. Triploid fish are genetically identical to
diploid fish of the same stock, but are sterile.

How do fish become triploid?

Aside from the rare naturally-occurring case of spontaneous triploidy,
producers may choose to make their fish triploid by physical or chemical
means. There are multiple ways of inducing triploidy in fish: paternal
genome duplication, maternal genome duplication, and breeding
tetraploids (4 sets of chromosomes) with diploid fish. Of these, maternal
genome duplication is the widest used method due to relative ease of
application in large scale. This is the case of triploid where there are two
maternal sets of DNA and one paternal.

There are multiple ways of inducing triploidy through maternal
duplication, including:

Exposure to low temperature

Use of a cell division inhibitor
Application of heat

Application of hydrostatic pressure

Application of hydrostatic pressure is one of the most common
technologies used, as it is much easier to ensure an even application of
pressure than it is heat. There is no specific pressure regime prescribed,
but an industry standard is the application of 65,500kPa for 5 minutes, at
approximately 300 degree-minutes post-fertilization (Benfey). Hydrostatic
pressure application has been proven to have upwards of 100% success
rate. In a large-scale commercial trial “Salmotrip”, for example, a 100%
success rate was consistently achieved with their regime of 9,500 PSI for
S5 minutes at 10°C beginning at 300 degree-minutes post-fertilization.
O’Flynn reported a 100% success rate in 1997, and AquaBounty reported
99.5% success in 2012.

Soon after fertilization, the fertilized egg typically ejects the second set of
maternal DNA from the cell. With the application of pressure, this DNA
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stays within the cell. The cells are then considered triploid. They can be
male or female. In order to produce all female triploids, there is another
step to the process. Females of the parent generation are treated with
androgens, or male sex hormones. This makes them appear to be male,
while they carry all female DNA. When the “neomales”, as they are called,
mate with natural females, the resulting eggs are 100% female.

Triploid fish are biologically sterile fish that are incapable of producing
viable offspring. Male triploid fish, however, may be capable of developing
functional testes that can produce sperm capable of fertilizing eggs. The
resulting embryos, however, are not viable and die early in development.
This is not generally seen as an issue in terms of impacts if they escape as
the triploid stocks planned for use in NL are multi sea winter fish and will
be harvested well before they begin to mature. Female triploid fish do not
generally mature. Given the considerably lower chance of triploid females
reaching maturity (estimated at a maximum of 0.1%- Benfey), combined
with their non-viable offspring, all-female triploidy is seen as a very
effective means of reducing risk of genetic impacts of salmon farming. It
is necessary to induce triploidy in each generation of fish to be stocked, as
they cannot be bred.

In batches where success is not 100%, there is a small proportion of “failed
triploids”, typically diploid females. In these fish, the maternal DNA has
been duplicated, but the paternal DNA is not preserved. These fish develop
as females, but tend to be inbred and therefore less fit. Often, their
chromosomes are not balanced, and they die early in development.

How is triploidy confirmed?

Due to the added DNA content of triploid cells, they are inherently larger
than diploid cells. Unlike human blood cells, fish red blood cells
(erythrocytes) have a nucleus. Because of this, it is possible to confirm
individual triploid success with a minimally invasive procedure: a blood
sample. There are two approaches to assessing whether or not a fish is
triploid: measuring the erythrocyte DNA content, or measuring the
erythrocyte dimensions.

It would be impractical to test every single smolt for triploid success before
placement in sea cages. Therefore, producers test samples of each egg
batch in order to confirm triploidy. Triploid cells should, in theory, have
1.5 times the DNA of diploid cells; however, this is not always the case in
practice. That being said, there is consistently more DNA in triploid cells
than diploid, and it can be measured significantly. Because red blood cells
exist as single cells suspended in a fluid, it is relatively easy to measure
their dimensions. Cells of triploid fish are consistently larger than diploid
cells. A study by Fjelldal et al., for example, found no overlap between
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diploid erythrocyte dimensions (15.3-17.3um) and those of triploids (18.7-
20.6um).

Why culture triploid fish?

Historically, triploid Atlantic salmon have had high incidences of
deformities and cataracts in commercial-scale culture, as well as sub-
optimal performance on some sites. More recent studies have determined
that a diet inadequate in phosphorus was responsible for many of the
spinal deformities observed. High rates of cataracts in triploid culture fish
can also be counteracted by a diet with higher levels of histidine. Ongoing
research trials (AquaGen) include research on optimizing triploid diets.
Proper siting of farms planning to use triploid fish, including those with
cold, oxygen-rich water, can be used to mitigate the issues with poor
performance. The first commercial trial of triploids is currently underway
in Norway with reports on performance pending in 2016.

There are many perceived benefits to culturing triploid fish. Recent
studies in Ireland and Norway have seen an improvement in flesh quality
at harvest, when compared to diploid fish of the same families (Salmotrip).
There is also a wider harvest window, as producers are not limited by stock
maturation times. As fish mature, their flesh quality deteriorates, as
energy reserves are directed toward gamete production instead of overall
growth. Maturing fish are also under considerable stress in saltwater
environments, and this can lead to increased disease susceptibility
(http:/ /www.dfo-mpo.gc.ca/Library/346785.pdf) .

There may be a reduction in the cost of production associated with using
triploid fish. Because they do not mature, there is no need to use artificial
lighting regimes in sea pens to delay maturation. The use of underwater
lights is employed by some producers in some regions in order to delay or
stop maturation of fish on their sites. Although there have been advances
in light technologies, such as low-energy LED lights, there is a cost
associated with acquiring and running this equipment. If using non-
maturing triploid fish, this cost would not be incurred.

Research on the use of triploid fish is consistent with North Atlantic
Salmon Conservation Organization (NASCO) standards. NASCO has
promoted the research on, and use of, sterile fish since 1992. The
movement of reproductively viable fish across intercontinentally is
prohibited by NASCO unless it is deemed low risk. As triploid fish are not
reproductively viable, their use would be low risk.

There are many products currently available in the marketplace that are
triploid. These include bananas, blueberries, trout, oysters, and
watermelon. These products have been developed because of their

Page 100 of 131



ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING
PART 2: PLACENTIA ATLANTIC SALMON AQUACULTURE PROJECT

desirable qualities, generally a larger size. The seedless watermelon is a
common example of triploid produce that is widely available and accepted
in the marketplace.

Containment Practices:

The Department of Fisheries and Aquaculture and the Department of Fisheries
and Oceans and the provincial salmonid industry manages and conducts its
practices using and the Code of Containment as a minimum standard.

http:/ /www.fishaqg.gov.nl.ca/aquaculture/public%20reporting /Salmonid%20C
0de%200f%20Containment%202014.pdf . The proponent will meet these Code
of Containment standard’s and where feasible exceed them. One of the areas
where the proponent intends to exceed these standards is on the complete
engineering of its cages, nets and mooring systems to meet the Norwegian
Standard for “escape proofing” NS9415 (Appendix I). The engineering concepts
around escape proofing marine installations comes from Aqualine AS and their
Midgard system (Appendix H). the Midgard system as supplied by Aqualine
can be described as follows:

The Midgard System

Standards and Regulations

NS9415:20009, is a governing technical Standard for floating fish farming
installations. NS9415 is based on extensive work from Norwegian
Authorities as well as research and key vendors in the industry. This
Standard gives recommendations and regulations on important aspects as:

e Material Specifications

e Design Approach with respect to analyses methods and testing

e Material and Load factors for Serviceability Limit State (SLS),
Ultimate Limit State (ULS) and Accidental Limit State (ALS). Fatigue
Limit State (FLS) is also specified.

e Net Specifications

e Environmental Specifications

The design approach achieved by applying NS94 15 results in systems
with high reliability and good integrity. Furthermore, extensive in-house
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experience at Aqualine also contribute to even higher reliability on the
installations.

General Information — Aqualine Design

Floating fish farming installations are complex structures including a large
number of components for floating collars, mooring, nets and other
accessories. Hence, experience and good knowledge on design, operation
and risk assessment is very important in order to understand concepts
and make designs with highest reliability. Furthermore, mutual
understanding between Aqualine and the customer on how to operate the
systems is a key for low service costs and reliable operation phase.

Aqualine has delivered equipment to the fish farming industry in the
toughest and most demanding oceans in the world for more than 35 years.

In Aqualine, the maritime understanding is in the marrow. Aqualine
respects the ocean and know the forces of nature.

Therefore, Aqualine does not confine themselves to formulas and
calculations, but do what is possible to ensure that the equipment will
withstand the applied loads. Aqualine subjects the equipment to tough
tests; they tear and pull it, in order to find out whether the theoretical
calculations correspond to reality. In this manner Aqualine ensures a
sustainable environment and safety for fish and men.

The Aqualine design focuses on robust solutions and concepts that
integrate floating collars, mooring and nets into one system. This
philosophy is based on several years of research and evaluations, e.g.
extensive work at the model basin at Marintek in Trondheim. Hence,
Aqualine ensure our customers a redundant structural design with respect
to the following design criteria (ref NS94 15):

1. Serviceability Limit State
2. Ultimate Limit State

3. Accidental Limit State

4. Fatigue Limit Stage

The floating collars are designed with a structural circumferential bearing
system consisting of steel tendons connected to the steel brackets by bolts.
This main structural system is very important in order to withstand the
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mooring loads acting on the cages. Furthermore, there is redundancy in
the buoyancy of the pipes with polystyrene blocks inside the pipes.

The nets are fabricated at our partner factories at King Chou in China and
Vietnam. This factory has extensive competence on net production, and
the Aqualine nets are developed through years of testing and follow-up for
qualification.

The mooring systems and components are developed through many years
of experience with design, testing and operation of such systems. All
components are of the best quality. Analyses are performed in-house in
the Marine Engineering Department.

For more information on all equipment see www.aqualine.no.

Environmental Conditions

The dimensions of floating collars, nets and moorings in this description
may change when detailed environmental conditions for the sites are
presented.

Marine Operations

There are numerous different marine operations related to installation and
operation of the fish farming sites. At project execution Aqualine will work
with Grieg NL Seafarms LTD on risk assessments related to these
operations. This will also include redundancy positioning for well boats
close to the barges.

Midgard® System Design

Aqualine® Midgard System is the result of several years of determined
work to find new and better solutions within aquaculture cage technology;
floating collar, sinker tube and fish net. Special attention has been given
to reduce the risk of fish escape, but also to find solutions for more
improved and safer working conditions for the fish farm workers.
Furthermore, Aqualine finds solutions which make it easier for the fish
farmer to farm fish in more exposed locations.

In addition to the work Aqualine have initiated themselves, they have also,
in close co-operation with Leray, Marine Harvest and Salmar, participated
and carried out several projects to find improved cage solutions. From
2012 to 2016, several rounds of Model Testing at the ocean basin at
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Marintek in Trondheim have been performed. This has been important to
fully test and verify the proposed solutions and, to identify the best design
and combination of floating collar, sinker tube and fish net. Several full-
scale commercial tests have also been carried out with very good results.

Aqualine AS recently achieved an award from NHO (Confederation of
Norwegian Enterprise) in Norway for the development and implementation
of the Midgard® System. This is a great recognition for Aqualine AS and
our customers, as the award was given because of our work on reducing
risk for fish escape and making daily operations easier for the customer.
More information about the award can be found at the Press Release on
NHO homepage. It is written in Norwegian.

The Midgard® System is now patented.
The Midgard® System consists of the following key attributes:

Newly designed fish net in which the sinker tube is connected directly to
the net’s baseline rope, with the total weight of the sinker tube coming onto
the net. Additionally, the sinker tube lifting and lowering ropes when not
in use are completely loose and independent of the net tensioning

system. This totally eliminates the risk of these ropes coming in contact
with the net and potentially causing net wear or damage.

A system where power winches are built into the cage for lifting and
lowering the sinker tube with fish net connected. This can be done at a
fully synchronised gradual and constant lifting speed for the full
circumference of the cage, all done in a totally controllable operation. This
operation can easily be performed in a fast and efficient manner, without
endangering the fish stocks contained within the net or most importantly
not putting the farm workers operating the system at a safety risk. To
power this winching system only requires one portable electric generator
(mounted on a boat) to power all the winches involved, with no requirement
for numerous service boats with hydraulic cranes fitted.

An improved customised fish net design and net tensioning system where
all components complement one another to provide a total integrated cage
solution. This provides for optimal interaction and interplay between an
adapted sinker tube i.e. correctly ballasted with increased structural
rigidity and the Midgard fish net and cage collar.

Page 104 of 131



ENVIRONMENTAL REGISTRATION OF AN UNDERTAKING

PART 2: PLACENTIA ATLANTIC SALMON AQUACULTURE PROJECT

Husbandry Practices:

The husbandry practices the proponent intends to adopt are outlined in its
Placentia Bay Management Plan (Appendix K). These husbandry practices can
be summarized as follows:

Production Philosophy:

Using triploid eggs — this provides access to world class commercial
broodstock/egg supplier(s) and thus eliminating possibilities of shortness
of egg supply. The sterile salmon provide other benefits as well including
100% reduction of risk to local wild stock should they escape;

Using a state of the art AquaMaof RAS system - this provides for a
number of enhancements to sustainability including:

o Cost effective operations and smolt production by using gravity
based internal flows. 100 % recirculation reducing water
chemistry management costs and pumping costs. Providing for a
saline environment in the final stages to maintain the
smoltification window and eliminate smolt regression;

o Using a unique oxygen dissolving system (ODS) with a vacuum
oxygen generator for provision of ultra-low cost oxygen;

o Increased production flexibility of smolt size and times for entering
the sea;

o Reducing significantly growth time in the sea/cages and further
reducing exposure to risk of diseases, sea lice and other parasites
and escapes;

Programmed production will enable the company to supply market year
round with fresh product;

Using of modern wellboats for transport of both smolt and live harvest
salmon. This will provide for minimal handling of fish from the hatchery
to the marine sites and live hauling of harvest fish to the plant. The live
hauling of live fish to the plant ensures that there is no accidental blood
spillage at sea. The live fish at the processing plant permits control of
fish temperature and lactic acid management. Swimming to the
processing line for humane slaughtering (concussion stunning) without
struggle (temperature control). Processing immediately and before rigor
sets in and full value added to all production where possible with an aim
towards 100%;

Using holding tanks on land at the processing facility for live salmon will
give the processing plant flexibility for timing and temperature control of
production as well as enabling to a 100% pre rigor production (increasing
shelf life); hence, a significant improvement in quality and value for all
concerned;
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¢ The processing plant will provide for complete utilization of all fish
products including silage, offal, heads, bones, and trimmings. The
processing of this raw material will be for established markets for fish
oils, fish protein and calcium; and,

e All value from the salmon will be created and processed in

Newfoundland,;

Marine production will be based on the Newfoundland Code of Containment
http:/ /www.fishaqg.gov.nl.ca/aquaculture/public%20reporting /Salmonid%20C
0de%200f%20Containment%202014.pdf and adaptation of the principle of the
Norwegian “green” license philosophy to Canadian environs. This will include
access to broodstock with consistent availability and consistent growth and
conformation.

The salmon will be sterile triploid to alleviate all risk of genetic interaction with
local salmon stocks in the event of escapement.

Sea lice will be managed using lumpfish (Cyclopterus lumpus) at 15 fish per
100 smolt. They require continuously clean nets to be effective. This will be a
very significant transfer of Norwegian technology and pest management tools.

The intention is to use Aqualine’s “escape proofing” systems Midgard for nets,
cages and moorings. This will involve using new materials such as Dyneema
over nylon for nets and design to avoid contact with net anchors and hydraulic
steady lifting. This in turn delivers a net that limits fouling and is more
conducive to in situ cleaning which also reduces the opportunity for escape
events proportionally. Nets will typically be 43 meters at the center —
significantly deeper than typical nets in use in the region (15 meters). This will
provide 70,000 M3 of space per cage at a terminal stocking density of 11.8
kg/Ms.

The cages themselves will be Aqualine 160-meter circumference with working
platforms on the pontoons. These nets and cages are entirely a new technology
transfer from Norway that will provide for a much safer working environment
for the workers on the cage and a more humane space for the fish to grow.

Mooring frames or grids will be Aqualine designed for off shore conditions.
Compensation buoys on the frames will be 4000 liters at 400% the current
industry standard. The plough anchors will be 5 MT with 100 MT of holding
power each; there will be 1 at each side node and 2 at end nodes with
combined holding power at a minimum of 200 MT.
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Mortality removal will be done daily via a lift-up pumping system. This is a
significant improvement over the current Standard Operating Practice (SOP)
whereby mortalities are removed only on a weekly basis and only by diver. The
current system provides for opportunities to increase bacterial load and risk
and the divers provide for significant vectors of risk transfer. All mortalities
will be ensilaged with 3% by weight of formic acid to reduce all infectious and
spoilage agents on site. The silage will be processed at the processing plant for
protein, oils and calcium.

The current depth requirement in the region is 30 meters and the farms in
proposal here will be mostly in waters deeper than 60 meters with the majority
of the sites in 100 meters and greater. This ensures that benthic impacts are
minimized.

The current standard for site separation is 1000 meters and the planned
production will increase this twofold in the majority of cases.

Economies of scale are created on the size and volume of cages, nets, and
moorings by approximately 200% above the current SOP in use in the region.

Feed used will contain significant marine ingredients to maximize flesh levels of
omega 3 fatty acids to the benefit of the health of the fish and the subsequent
benefit of the consumers of the product. This will be accomplished with the
use of algae and fish waste by-products of the traditional fishery to the extent
that FIFO (Fish In - Fish Out) is reduced to 1:1 — a goal of sustainable
production.

There will be 11 sites with approximately 200 hectares each. Each site will be
licensed as separate entities under Grieg NL Seafarms Ltd.

The company will manage the production areas under its farming control.
There will be three full cycle management areas of Rushoon, Merasheen, and
Red Island. All sites in the full cycle management areas will have the capacity
for twelve 160 meter cages and nets with a depth of 43 meters. The fish
capacity at each site will be stated at 2,000,000 smolt. Fish entry will be at a
minimum of 300 grams average to ensure that there is no swim-through on a
mesh of 35 mm (the smolt size as entered by average weight encompasses a
bell curve of sizes from smaller to larger. By utilizing the much larger smolt
the possibility of entering a fish so small on the bell curve of size that it can
pass through the mesh is eliminated). The final capacity at each site may vary
below this as the production experience progresses and each site’s limits are
defined. Entry of the fish to the sites is targeted for April, May, July and
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October; this staggering is done to manage supplies to the market year round.
The company will only gradually build to the expected capacity to ensure limits
are not exceeded that would be detrimental to the welfare of the fish. In each
full cycle management area there will be three sites as follows:

e Rushoon
o Oderin Island Farms Ltd.
o Gallows Island Farms Ltd.
o Long Island Farms Ltd.

e Merasheen
o Valen Island Farms Ltd.
o Chambers Island Farms Ltd.
o Ship Island Farms Ltd.

e Red Island
o Red Island Farms Ltd.
o Darby Harbour Farms Ltd.
o Butler Island Farms Ltd.

The will be one seasonal management area by Long Harbour with two sites
Iona Island Farms Ltd. and Brine Island Farms Ltd. These are 1,000,000 fish
sites that will enter at 1,500 grams in the spring as soon as temperatures start
to rebound from the winter; this is expected to be towards the end of April or
early in May of each year. This production will be harvested in December and
January.

The Rushoon management area will use Baine Harbour and Petit Forte as
inflow mustering points for supplies and personnel. The Merasheen
management area will use North Harbour and Arnold’s Cove as its inflow
mustering area. The Red Island and Long Harbour management areas will use
Long Harbour. The following principles will guide operational procedures with
the various management areas:

e All operational procedures will have Standard Operating Practices (SOPs)
written for an Operational Manual for the company. These SOPs will be
vetted through the Province’s Aquatic Animal Health Division (AAHD).
These SOPs will contain the minutiae of detail for each procedure and all
aspects of biosecurity related to it;

e Vessels assigned to specific management areas will not cross or enter
other management areas;

e No equipment or employees will travel from one management area to
another without following proper biosecurity procedures and SOPs for
cleaning and disinfection;
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e The feed delivery vessel will not contact the feed barge but will transfer
the feed via a coupling. The feed delivery vessel will not travel from one
management area to another without having been first brought back to
its docking station and pass through procedures of a biosecurity SOP of
cleaning and disinfection;

e The well boat will be dedicated to either harvesting operations or other
outflow activities. If the well boat is to be used to deliver smolt or to be
used in bath treatments, it will be passed through a SOP for ensuring
that biosecurity is maintained,;

¢ All mortalities will be collected daily via an air lifting system and ground
and placed into silage with a 3% of formic acid by weight. All mortalities
will be ensilaged on site so that no infectious material is accidently
transported to other sites or management areas;

e Nets will be on a rotation of continuous in situ cleaning for provision of
optimal water quality and animal welfare to the fish. The always clean
nets also encourage proper feeding attention in cleaner fish. The nets
will not have copper based antifoulant;

e All smolt entering the site will be disease free and will be vaccinated
against Vibrio anguilarum, ordalii, and salmonicida as well as
Furunculosis salmonicida in an oil based adjuvant;

¢ C(leaner fish such as lumpfish will be used for sea lice control. Vaccines
as they become available for deterrence of sea lice will also be used.
Functional feeds will also be used to help manage sea lice. Only as a last
resort will therapeutants be used to control sea lice. Animal welfare will
not be compromised;

e OQutflow activities will include harvest operations, removal of silage, and
removal of nets or any equipment from the site;

¢ Inflow activities will include smolt, day to day site personal, entry of new
nets or newly recertified nets, feed and any equipment intended for use
at the site;

e All personnel entering the site will be controlled, monitored and
documented; and,

e All vessels entering the site will be controlled, monitored and
documented.

In summary, the project will eliminate risk or threat to the continued well-
being of local South Newfoundland Atlantic salmon stocks. Furthermore, and
considering all these factors as presented above, it is very unlikely that the
project will pose further impacts to Species at Risk or other flora and fauna
from the area not deemed to be at risk. The project is designed to be maximally
sustainable to the environment in which it finds itself.
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11.2.3.6 Potential Sources of Resource Conflict in Part 2:

Placentia Bay is considered both by LOMA Management Plan and the Placentia
Bay Integrated Management Plan to be an Ecologically and Biologically
Sensitive Area and ranked second in the order priority within the LOMA.
Sensitive areas most of concern within the EBSA are habitat for young cod
especially kelp fields and ell grass beds. This project does not negatively
impact the EBSA.

In 2007 DFA and DEC commissioned an Issues Scan of Selected Coastal and
Oceans Areas of Newfoundland and Labrador

http:/ /www.icomnl.ca/files /issues_scan_number one.PDF . The Issues Scan
included Placentia Bay and there were a number of recommendations from the
scan to promote aquaculture development in Placentia Bay:

Aquaculture
* Address concerns and perceptions surrounding the aquaculture
industry in the province. The Department of Fisheries and
Aquaculture should take the lead role on this task (in collaboration
with DFO and DEC);
» Develop and implement pre-emptive conflict resolution mechanisms
between aquaculture operations and other users of the marine area,
associated marine and community infrastructure (e.g. roads, waste
management).

11.2.4 Artist’s Conceptual Drawings of a Marine Site (Typical):

The conceptual drawings of a typical Sea Cage Marine Farm are as follows:
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Figure 35 - Typical Seasonal Site Layout
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Figure 36 - Typical Full Cycle Site Layout
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11.3 Part 2 Installations:

11.3.1 The Approximate Installation Period for Part 2:

The Project installation period is over a three-year period beginning in the fall
of 2017. The installations take place approximately one season ahead of
stocking scenarios for the fish. The stocking scenario is as follows:
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Figure 37 - The Approximate Installation Period for Part 2
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11.3.2 The Proposed Date of Physical Installations Part 2:

The proposed date of first physical installations is fall of 2017 ahead of spring
entries of smolt in 2018. This is provided that all other licenses, permits,
authorizations and titles are in place including the release of the undertaking
in this process. Other licenses would include the Aquaculture License, the
Water Use Authorization, the Permit to Occupy or Crown Lands Lease,
Navigation Protection Act permit, and the Permit to Transfer and Transport.

11.3.3 Potential Sources of Pollutants Part 2 Installation Period:

There is some potential that vessels could spill diesel fuel and or gear oil.
Cranes, rollers and winches have potential for hydraulic line failure and
spilling hydraulic oil. Federal guidelines for fuel storage and handling will be
followed. Equipment used during installation will be visually inspected daily
before starting work to monitor for minor fuel leaks. All minor leaks will be
attended to immediately and absorptive material on hand for cleaning the bilge.
A spill kit will be on hand to absorb minor spillages. There will be ropes ends
from preparation of moorings. There will be human waste that will be
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maintained aboard the vessel. There will be household type garbage. The rope
ends, the household garbage and human wastes will be disposed of at the
Burin Peninsula Waste Management facility near Jean de Baie. It is
anticipated that the sources of pollutants during the installation period will be
finite and short lived.

Consideration is given to the following sources of pollution during the
construction period:

Noise: Load engine noises will be generated by the vessel during site
installation. The installation activity is not taking place adjacent any
residential or active commercial properties and it is not anticipated that
noise will be a concern. It is not anticipated that noise generated by this
part of the project will impact the surrounding environment or human,
animal, avian or aquatic life.

Dust: Dust and particulate matter will be not generated by this part of
the project installation.

11.3.4 Potential Causes of Resource Conflicts Part 2 Installations:

There is a potential that during installation there will be disruption to vessel
navigation. This will be managed according to Transport Canada’s regulations
http:/ /www.laws-lois.justice.gc.ca/eng/acts /N-22 /FullText.html . The
installation will only commence after approval is given by Transport Canada.
The project is at sea and marked according to the Navigation Protection Act
(NPA) and will be preceded by a “Notice to Mariners”.
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11.4 Operations Part 2:

11.4.1 Description of the Operations Part 2:

The operation will be a sea cage operation for Atlantic salmon. The
management will monitor and control the operation’s employee safety
protocols, environmental sustainability, and production traceability under a
recognized international certification referred to as Best Aquaculture Practices
(BAP) http://bap.gaalliance.org/ .

11.4.1.1 Operation Processes Part 2:

The proposed sea cage operation will utilize three Bay Management Areas
(BMA’s) for full cycle production (Appendix K — Placentia Bay Management
Plan). There will be three sites within each BMA with 2,000,000 fish capacity
each. There will be one BMA with 2 sites with 1,000,000 fish capacity each.
The full cycle BMA’s will be rotated to allow 12 months or better of fallowing for
sites and 8 months for the entire BMA. The seasonal BMA will have 14 to 15
month’s fallow between sites and 2 to 3 month for the BMA. Each full cycle
BMA when stocked will received 3 lots of fish per year. At peak production the
full cycle lots will receive 1,750,000 300 gram fish in May, 1,750,000 450 gram
fish in July and 2,500,000 600 gram fish in October. The seasonal site will
receive 1,000,000 1,500 gram fish in late April or early May depending on sea
temperatures (5°C minimum). These fish will be transported to the sites via
well boat from the Marystown Hatchery. The production growth will utilize
Placentia Bay’s temperature units estimated at 2400 plus per annum. The feed
will be a compete ration of high quality extruded salmon feed fed to satiation
via an automatic feeding system situated on a floating barge. The optimal size
at harvest will be 5.5 kilograms of live weight. The harvestable fish will be
transported to the processing plant via well boat alive. Slaughtering and
processing will take place on land.
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11.4.2 Estimated Period of Operations Part 2:

The facilities will remain in continuous operation once operations have
commenced.

11.4.3 Potential Sources of Pollutants Part 2 Operational Period:

There is some potential that vessels and barges could encounter a fuel,
hydraulic oil and or gear oil spillage. A spill kit will be on hand to absorb
minor spillages. The smaller boats will use gasoline and diesel and will release
carbon dioxide into the atmosphere. There will be human waste with this
operation that will be rendered chemically inert with the use of chemical toilets.
The human waste along with household waste and administrative paper waste
and some industrial packaging wastes is to be handled by the Burin Peninsula
Waste Management facility in Jeanne de Baie.

Mortalities will be collected daily where weather conditions permit to allow
fresh processing into silage. The dead fish are lifted from the bottom of the net
via an air lift system and then ground into a paste and mixed with 3% food
grade formic acid by weight. The silage will be transported to the processing
plant for rendering into proteins, oils and minerals.

The fish themselves will produce faeces that will accumulate on the bottom in
vicinity of the net pens. The accumulation during production will be consumed
naturally by benthic organisms during the fallow period. These middens are
monitored by DFO under their Aquaculture Activities Regulations

http:/ /www.dfo-mpo.gc.ca/aguaculture/management-gestion /aar-raa-gd-

eng.htm .

11.4.4 Potential Causes of Resource Conflicts Part 2 Operations:

It is fully anticipated that there may be some resource conflicts as a result of
this project. The sea cage sites are adjacent to fisheries for lobster, scallops,
cod, herring, and snow crab. The greatest opportunity for resource conflict is
with snow crab fisheries. The sea cage sites are relatively deep with most sites
around 100 meters or 54 fathoms and during various consultations with
fishers it was noted that on the eastern shore in the Rushoon BMA that snow
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crab fisheries may be prosecuted in waters as shallow as 60 fathoms. As a
result of various private consultations and public consultations the various
sites have been oriented in the BMAs to work around overlaps in resource
access. Please refer to Appendix G -- Consultations.

11.5 Occupations Part 2:

11.5.1 Estimated Number of Employees Part 2:

11.5.1.1 Installation Phase Part 2

During the assembly and installation of the sea cages, nets and moorings the
proponent estimates the workers will include captains, deck hands,
supervisors, divers and laborers. There is a potential need for up to 12 full-
time and part-time workers during the installation period.

11.5.1.2 Operational Phase Part 2

The operational phase is projected to generate 137 full time positions from
captains, deck hands, site management, mechanics, electricians, crane
operators, divers, labourers and site technicians.

11.5.2 Enumeration and Breakdown of Occupations in Part 2:

11.5.2.1 Installation Phase Part 2

This particular undertaking will require workers from various trades and
management. These workers will be the management responsibility of the
General Contractor that submits the most competitive bid for the installation of
the equipment. The occupations and their numbers below are an estimation
by the proponent. The proponent of the undertaking will bear the
responsibility of ensuring that all assembly and installation are done to the
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rules, policies, and laws of the jurisdiction. The occupations are described
according to the National Occupational Classification 2011:

Captains (8261) 1

Engineering (0211) 1

Deck Hands (8441) 6

Electrical Industrial (7242) 1

Welder Operator (7237) 1

Heavy Equipment Mechanic (7312) 1
Crane Operator (7371) 1

11.5.2.2 Operational Phase Part 2

The operational phase of the undertaking is projected to have 137 full time
positions. The occupations are described below according to the National
Occupational Classification 2011:

Senior Managers (0016) 2
Supervisor General Office (1211) 1
Supervisor Financial (1212) 1
Human Resources Officer (1223) 1
Administrative Assistant (1241) 1
Maintenance Manager (0714) 1
Production Manager (0911) 1
Aquaculture Managers (0823) 7
Aquaculture Technicians (2221) 33
Crane Operator (7371) 2

Captains (8261) 16

Deck Hands (8441) 36

Welder (7237) 1

Heavy Equipment Mechanics (7312) 6
Power Systems Electrician (7202) 3
Aquaculture Labourers (8613) 25

11.5.3 Delineation of Work Carried Out in Part 2:

The installation of the sea cages will be carried out by a General Contractor
and hired by Aqualine AS as part of the “turnkey” purchase agreement. The
proponent intends to maintain responsibility to ensure that all installation
rules and codes, policies, and laws of the jurisdiction are followed.
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The operational work will be completed directly by the proponent.

11.5.4 Employment Equity Part 2 of the Project:

The Company has an equal opportunity hiring policy and does not hire relative
to age, gender, race or sexual orientation. These employment conditions will be
maintained internally and with suppliers and contractors to the project.

11.6 Part 2 Project Related Documents:

The Company has a Business Plan and Marketing Plan in support of the
undertaking. There a proposal by Aqualine for the facilities at sea in Appendix
H, a Consultations Report in Appendix G, Norwegian Standard’s for Sea Cage
Installations in Appendix I, Triploid Egg Supply Proposal from Stofnfiskur /
SalmoBreed in Appendix J and a Placentia Bay Management Plan in Appendix
K. The Aquaculture Licensing process is outlined in Appendix L. Various
letters of Support are available in Appendix M. The scientific information in
the document is supported by scientific papers and reports listed in the
Bibliography. Federal and Provincial government regulations, reports, and
management plans are hyperlinked to the internet throughout the document.
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12 APPROVAL OF THE UNDERTAKING PART 2

The sea cage undertaking requires a number of licenses, permits, releases,
leases and authorizations. These include:

Environmental Assessment Registration of an Undertaking Release
Aquaculture License

Water Use Authorization

Transfer and Transport License

Land Title: Permit to Occupy or Crown Land Lease

Navigation Protection Act Permit
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13 SCHEDULE PART 2

This project will commence only after it is “Released” from the Environmental
Registration of the Undertaking. The installation of sea cages is scheduled for
October, 2017 or the season prior to smolt introductions. Operations are
scheduled to begin in May, 2018 with the first smolt transfers. The
installations will be staged in such a manner that they will ramp up to peak
usage of sites over three years. These operations will only proceed with
relevant approvals, licenses, permits and authorizations for Water Use, Crown
Land Leases, Aquaculture, Navigation, and Transportation and Transfer of
smolt.
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14 FUNDING PART 2

The capital costs of this project are $100,000,000. The Province of
Newfoundland and Labrador are anticipated partners in the project with
preferred shareholdings. The government of Canada is anticipated assisting
this project through the Atlantic Canada Opportunities Agency.

Date: _January 31st_2016

Signature of Director
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conditions and qualifications set forth in this report. This report is intended to be
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EXECUTIVE SUMMARY

Amec Foster Wheeler Environment & Infrastructure (Amec Foster Wheeler) was retained by DS Dirilling
Services Limited (DSD) to evaluate the results of aquifer pumping tests conducted for a new drilled
water supply well for Grieg Seafarms NL Ltd. (Grieg) in Marystown, Newfoundland and Labrador (NL),
herein referred to as “the Site”. It is understood that the bedrock groundwater well will be mainly used
to service an aquaculture project in Marystown and is not intended for potable water. Amec Foster
Wheeler was not on-Site during drilling of the well or the aquifer pumping tests and therefore this report
is based solely on information and data collected and provided by DSD.

The results of the document review, pumping test analyses, and water quality data indicate:

» The average transmissivity of the well calculated from the 72 hour pumping test is 2.3 x 10 m?/s.

» Quantitative evaluation of the pumping test indicates that the well is capable of producing
approximately 1208 L/min (265 IGPM).

» The turbidity value of 5.9 NTU and 0.60 NTU detected in the 1 and 72 hour water samples,
respectively, exceeded the GCDWQ of 0.1 NTU for treated water. Turbidity typically decreases
with time as a new well goes into production. It is also noted that the GCDWQ is for treated water
and not for untreated raw water pumped during the pumping test.

» A phosphorus concentration of 150 ug/L exceeded a CCME trigger value for the hyper eutrophic
range.

The following recommendations are proposed should the well be used as a water supply well or for
aquaculture water source:
> Well Yield: The well can sustain a safe pumping rate of 1208 L/min (265 IGPM).

> Water Level: Water level within the well should be monitored to ensure sustainable use, and the
pumping rate may need to be adjusted to avoid over use.

» Turbidity: Filtration is recommended to address the elevated turbidity levels or further water
samples should be collected to show that turbidity levels decrease below guidelines.

> Regqulations: It is recommended that applicable guideline and regulations be followed for design,
construction and operation of the water system.

All conclusions and recommendations are based on the results of the document review, aquifer tests,
and water quality results.

Environment & Infrastructure amecfw.com Page i
ISO 9001:2008 Quality Management System (St. John’s, NL)



DS Drilling Services Ltd.
Aquifer Testing Report, Grieg Seafarm NL Ltd., Marystown, NL (Final)
Amec Foster Wheeler Project #: TF1563106

3 August 2015
TABLE OF CONTENTS

EXECUTIVE SUMMARY ...ttt ittt e ettt e s ettt e e st e e s aste e ea e e steeeaansteeeassaeeeasseeaeeaanseeasasreeeaanseneeennses I

1.0 INTRODUGCTION ...ttt ettt e ettt e e st e e e st e e e s tteeeeeaastaeeesnbeeaeeassaseessseeaeesasseeesansaeeesassnnenanns 1
1.1 Site DeSCription @nd USE .....oooiiiiieie e 1

2.0 SCOPE OF WORK ... ..ttt ittt ettt st e e ettt e e e st teeeansteeeaassseeeaasseeeeansssseeeanseeeeannseeeeannees 1

3.0 WELL DETAILS AND REQUIRED YIELD. ......cooiiiiiiiieiiiite ettt eee et e enree e 2

4.0 METHODOLOGY ....iiiiieitiiie ettt ettt sttt e e eat e e s aaee et e e e aateeeeaasteeeeanseeeesanseseeeeansseeesnnseeeeanneeeens 2
4.1 DOCUMENT REVIEW. ...ttt e e e e e e e e e e eeeeae s 2
4.2 Aquifer Testing and Safe Yield Calculations ..............c.cooveiiiiiiiiii i 3
4.3 Water QUAlItY ANGIYSES .......ueeiiiiiiiie ettt e e s e e e e s naeeas 4

5.0 DOCUMENT REVIEW ...ttt ettt ettt e sttt e e ettt e e e sstte e e anateeeeanseeeesanssseeeeanseeeeanneeens 4
5.1 ECco-Region and ClMate...........uuiiiiiii it a e e aea s 4
5.2 Topography and DraiNage...........cueeeiiiiiiieiiie et e 4
5.3 Chemistry of Nearby Potable Water SUpplies ..........ocueiiiiiiiiii e 5
54 SUMICIAl GEOIOGY ...ttt ettt e e s bt e e e st e e e e sbaeeeens 5
5.5 2T To [ fo ol QL CT=To] (o] | PRSP 5
5.6 [ 1Yo e e =To] [o YA OO PP PR 6

6.0 DISCUSSION OF RESULTS ... .ceeiiiiiiie ettt ettt e sttt e sttt e e e st e e s nte e e e anneeeesnnseeeeeeannneeas 6
6.1 L 13 = S PSR 6
6.2 StEP DrawdOWN TeST ... .cuiiiiiiie e 6
6.3 472 (o U ol U o o T TR = RS SRR 7
6.4 Yoo Y=Y Y = 7
6.5 AQUITEE TEST ANGIYSES...ccii i ittt e e e e e e e e s e e e e e e esnrsrebaaeeaaeas 7
6.6 Safe WEIL YIEIA ...ttt et e e et e e s et e e e s sste e e e e essteeeesraeaeans 8

7.0 WATER QUALITY RESULTS ...ttt ettt ettt e et te e e e st ae e e e nnteeeesnnaeeesensnreeeennes 8
71 Compared to Potable Water GUIdeliNeS ............ooiiiiiii e 8
7.2 Compared to Aquatic Life GUIAElNES .........oeeeiiiiie e 9

8.0 CONCLUSIONS ...ttt e e e et te e e e s s tte e e e ste e e e e snte e e e snraee e e s eneeeeennees 10

9.0 RECOMMENDATIONS ...ttt ettt e e ae e e et e e e e ste e e e ennaeeeennnees 11

T0.0 CLOSURE ...ttt e e ettt e e e et e e ettt e e e e nbte e e e e ente e e e anteeeeennees 12

11.0  REFERENGCGES ...ttt et e e e et e e e e e aee e e nees 13

LIST OF TABLES
Table 1. PUMPING TESE RESUILS ...ttt e e s 8
Table 2. Safe Yield Values for the Well. ... e 8
LIST OF FIGURES

Figure 1. Site Location Plan

Figure 2. Site Plan

Environment & Infrastructure amecfw.com Page ii

ISO 9001:2008 Quality Management System (St. John’s, NL)



DS Drilling Services Ltd.
Aquifer Testing Report, Grieg Seafarm NL Ltd., Marystown, NL (Final)
Amec Foster Wheeler Project #: TF1563106

3 August 2015
LIST OF APPENDICES
APPENDIX A: FIGURES
APPENDIX B: WELL RECORD
APPENDIX C: NEARBY WATER QUALITY DATA
APPENDIX D: DRAWDOWN MEASUREMENTS
APPENDIX E: AQUIFER PUMPING TEST ANALYSES
APPENDIX F: ANALYTICAL DATA TABLES
APPENDIX G: LABORATORY CERTIFICATES OF ANALYSES (COAS)
APPENDIX H: LIMITATIONS
Environment & Infrastructure amecfw.com Page iii

ISO 9001:2008 Quality Management System (St. John’s, NL)



DS Drilling Services Ltd.

Aquifer Testing Report, Grieg Seafarm NL Ltd., Marystown, NL (Final)
Amec Foster Wheeler Project #: TF1563106

3 August 2015

1.0 INTRODUCTION

Amec Foster Wheeler Environment & Infrastructure (Amec Foster Wheeler) was retained by DS Dirilling
Services Limited (DSD) to evaluate the results of aquifer pumping tests conducted for a new drilled
water supply well for Grieg Seafarms NL Ltd. (Grieg) in Marystown, Newfoundland and Labrador (NL),
herein referred to as “the Site”. It is understood that the bedrock groundwater well will be mainly used
to service an aquaculture project in Marystown and is not intended for potable water. Amec Foster
Wheeler was not on-Site during drilling of the well or the aquifer pumping tests and therefore this report
is based solely on information and data collected and provided by DSD.

1.1 Site Description and Use

Marystown is located on the east side of the Burin Peninsula, approximately 300 km southwest of the
City of St. John’s, NL (refer to Figure 1, Appendix A). The Site is located near the intersection of
McGettigan Boulevard and Centennial Road and approximately 45 m north of McGettigan Boulevard.
The following is a description of the adjacent land use in the vicinity of the well (refer to Figure 2,
Appendix A).

North: Wooded undeveloped area and a stream

South: McGettigan Boulevard.

East: Recreation Centre, Interpretation Centre, Softball Park and stream.
West: Walmart.

vvyVvyy

2.0 SCOPE OF WORK

The aquifer testing was conducted to meet the Aquifer Testing Guidelines from the Water Resources
Management Division (WRMD) of the Department of Environment and Conservation (DOEC),
Government of Newfoundland and Labrador (GNL). As described in Section 22 of the guidelines, wells
constructed in fractured bedrock and intended for public use at a rate exceeding 45 litres per minute
(L/min) must be tested (pumped) for a minimum of 72 hours (DOEC WRMD, 2013).

As per the Amec Foster Wheeler proposal, dated June 11, 2015, the scope of work included the
following:

1. Analyse data from a step drawdown test to determine an optimum pumping rate that may be
sustained by the well for an extended period of time.

2. Analyse data from a 72 hour pumping test at the rate determined from the step drawdown test
to determine hydraulic properties of the aquifer and potentially a long-term safe yield of the well.

3. Summarize bacteria, general chemistry and metals analytical data for water samples collected
at 1 hour and 72 hours during the pumping test to assess water quality.

Environment & Infrastructure amecfw.com Page 1
ISO 9001:2008 Quality Management System (St. John’s, NL)



DS Drilling Services Ltd.

Aquifer Testing Report, Grieg Seafarm NL Ltd., Marystown, NL (Final)
Amec Foster Wheeler Project #: TF1563106

3 August 2015

4. Analyze recovery water level measurements collected immediately following the 72 hour
pumping test to support the aquifer pumping test analyses.

A separate observation well is recommended for a 72 hour pumping test since the additional data may
provide more useful information to use in the pumping test interpretations described herein. However,
an observation was not available for the current pumping test.

3.0 WELL DETAILS AND REQUIRED YIELD

The 0.02 m (8 inch) diameter well was drilled to an approximate depth of 128 m (420 ft) and completed
with 11.8 m (38.7 ft) of steel casing and bentonite grout. The water well record indicates that the bedrock
in the well consists of alternating layers of reddish green and green volcanic/sedimentary rock. Water
bearing zones were identified at 15 m, 39.6 m, 49 m and 128 m. The stick up casing in the well was
installed approximately 0.88 m above ground surface (mags). A copy of the water well record is
presented in Appendix B.

4.0 METHODOLOGY
4.1 Document Review

Available documentation (i.e., climate information, bedrock and surficial geology maps and
hydrogeological information/reports) was reviewed, which included the following:

» Geology of the Marystown Map Sheet (E/2), Burin Peninsula, Southeastern Newfoundland,
Memorial University of Newfoundland, Master’s Thesis (Taylor, 1978).

» St. Lawrence, Burin district, Newfoundland. Map 77-021. Scale: 1:50 000. In Geology of the
Marystown (1M/3) and St Lawrence (1L/14) Map Areas, Newfoundland. Government of
Newfoundland and Labrador, Department of Mines and Energy, Mineral Development Division,
Report 77-08, 89 pages, enclosures (2 maps). GS# NFLD/1492b (Strong et al., 1997).

» Surficial Geology of the Marystown map sheet (NTS 1M/03). Geological Survey, Department of
Natural Resources, Government of Newfoundland and Labrador, Map 2007-18, Open File
001M/03/0586 (Batterson and Taylor, 2007).

» Hydrogeology of Agricultural Development Areas, Newfoundland and Labrador (Jacques Whitford
Environmental Limited (JWEL), 2008).

» Hydrogeology of Eastern Newfoundland (AMEC, 2013).

» Eco-regions of Newfoundland: Maritime Barrens Eco-region (DOEC, 2015a), accessed July,
2015: http://www.nr.gov.nl.ca/nr/forestry/maps/mbarrens_eco.html.

» Online Historical Climate Data (Environment Canada, 2015), accessed July, 2015:
http://climate.weather.gc.ca/.

» Water Resources Portal (DOEC, 2015b), accessed July 2015: http://maps.gov.nl.ca/water/.
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4.2 Aquifer Testing and Safe Yield Calculations

A step drawdown test was conducted on June 28, 2015. The test was completed in two 60 minute
duration steps at pumping rates of 454.6 and 568.3 L/min, based on the estimated yield of the airlift test
(464 to 680 L/minute). Only two steps were conducted because the maximum pumping rate for the
pump was reached at approximately 568 L/min. Using the results of the step draw down test, a 72 hour
pumping test was conducted between June 29 and July 2, 2015 at a constant pumping rate of
approximately 568.3 L/min. Immediately following the 72 hour pumping test, the submersible pump was
turned off and recovery measurements were collected until the well reached at least 80% recovery.
Representatives of DSD were on-Site for the duration of the step drawdown test, 72 hour pumping test
and recovery period.

The 1.5 horsepower Goulds (model 10SB) submersible pump used during the step drawdown test and
72 hour pumping test was installed and operated by DSD at a depth of 66 m (217 ft). The discharge rate
was measured on the dial gauge of a factory calibrated 1 inch diameter Neptune flow meter. The
discharge pipe was extended approximately 150 m from the well to direct discharge away from the
pumping well. Various isolation valves were installed on the discharge pipe to control pumping and
collect water samples.

Water level measurements were collected manually and recorded as metres below top of stick up casing
(mbtoc), using an electronic water level meter generally following the intervals:

Step Drawdown Test

» Every 1 minute until 10 minutes
» Every 2 minutes from 10 - 20 minutes
» Every 5 minutes from 20 - 60 minutes

For two steps.

72 hour Pumping Test

Every 1 minute for the first 15 minutes

Every 5 minutes from 15 - 60 minutes (1 hour)

Every 30 minutes from 60 - 300 minutes (1 - 5 hours)

Every 60 (1 hour) minutes from 300 - 1440 minutes ( 5 - 24 hours)
Every 360 minutes (6 hours) from 1440 - 4320 minutes (24 - 72 hours)

vvvyyVvyy

Recovery Test

» Every 1 minute for the first 15 minutes
» Every 5 minutes from 15 minutes - 60 minutes (1 hour)
» Every 30 minutes from 60 - 210 minutes (1 - 3.5 hours)
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Water levels were also measured during aquifer testing using a pressure transducer set at one minute
intervals. The transducer measurements were not corrected for barometric pressure.

The transmissivity of the well was calculated using the Hantush groundwater flow solution. The long
term safe yield of the well was calculated using the calculated/modelled transmissivity values using the
following equation:

Q=07xTxAs/0.183 x log t

Where Q is the safe pumping rate, T is the transmissivity, 4s is the total drawdown during the test, and
t is the time that the pumping rate will be used.

4.3  Water Quality Analyses

Water samples were collected by DSD during the first (1 hour) and last hour (72 hours) of the pumping
test. Water samples were submitted to Maxxam Analytics Laboratory (Maxxam) in St. John’s, NL for
general chemistry and metals analyses at their Bedford, Nova Scotia Laboratory. The first water sample
was submitted for Maxxam’s RCAP-30 limited analysis package, whereas, the 72 hour sample was
submitted for Maxxam’s comprehensive RCAP-MS package. The water samples were also submitted
to the NL Public Health Laboratory in St. John’s, NL (Miller Center) for Bacteria (Escherichia Coli (E.
Coli) and total coliforms) analysis.

5.0 DOCUMENT REVIEW
5.1 Eco-Region and Climate

The Site is part of the ocean climate influenced Southeastern Barrens Subregion of the Maritime Barrens
Eco-region, which is marked by cool summers, mild winters and high frequencies of fog and strong
southerly winds. Slope bogs, basin bogs and fens are scattered throughout the barrens, reflecting poor
drainage and wet climate (DOEC, 2015a).

The most recent data (2000) provided by Environment Canada’s monitoring station in St. Lawrence, NL
indicated a monthly mean temperature high of 14.7°C in August and a low of -5.0°C in February. Annual
monthly precipitation ranged from 106 millimeters (mm) in August to 157.4 mm in September and
October (Environment Canada, 2015).

5.2 Topography and Drainage

The topography of the Site is generally flat with a slight to moderate downward gradient to the south
toward McGettigan Boulevard. The topography of the overall area is rugged and has an overall moderate
upward slope to the northwest and an overall downward slope to the southeast toward Mortier Bay.
Based on local topography and surface water elevations, groundwater flow direction is anticipated to be
southeast toward Mortier Bay.
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5.3 Chemistry of Nearby Potable Water Supplies

Water quality analytical data reports for the surface water body (Fox Hill Reservoir/Clam Pond; WS-S-
0448) currently servicing Marystown were downloaded from the DOEC Water Resources portal (DOEC,
2015b) (Appendix C). The reports include nutrient, metal, physical parameter and major ion
concentrations in water collected from WS-S-0488 between 1985 and 2014. No groundwater water
supply wells were identified in the area near the Site from the DOEC Water Resources Portal mapping.
Water chemistry data is presented in Appendix C. Concentrations were compared to Health Canada’s
Guidelines for Canadian Drinking Water Quality (GCDWQ) (Health Canada, 2015), summarized as
follows:

Nutrients and Metals

Concentrations of nutrients (ammonia, dissolved organic carbon, nitrate, kjeldahl nitrogen and
phosphorus) and metals detected in the water samples collected from WS-S-0448 were below the
GCDWQ between 1985 and 2012.

Physical Parameters and Major lons

Concentrations of physical parameters (alkalinity, conductivity, hardness, total dissolved solids and total
suspended solids) and major ions (boron, bromide, calcium, chloride, fluoride, potassium, sodium and
sulphate) detected in the water samples collected from WS-S-0448 were below the GCDWQ between
1985 and 2012. Colour detected in the water samples collected from WS-S-0448 exceeded the GCDWQ
aesthetic objective (AO) in 1991 and between 1995 and 2012. pH detected in the water samples
collected from WS-S-0448 exceeded the GCDWQ AO in 1999 and 2001. Turbidity detected in water
collected from WS-S-0448 exceeded the GCDWQ in 1991, 1998, 2001, 2002, 2006 and 2012.

5.4 Surficial Geology

The surficial geology underlying the Site consists of vegetation concealed thin veneer (<1.5 m) of glacial
till and angular frost-heaved bedrock (Batterson and Taylor, 2007).

5.5 Bedrock Geology

Marystown lies within the Avalon tectonostratigraphic zone and is underlain by mafic to acidic volcanic
rocks and minor sedimentary rocks of the Mortier Group. Rocks in the area have undergone regional-
scale folding related to Devonian Acadian orogenesis and form the core of a broad regional northeast —
southwest trending anticline, referred to as the Burin Anticline. A series of joint sets and fracture zones
occur within rocks underlying Marystown and are related to deformation (JWEL, 2008).

The Creston Formation of the Mortier Group underlies the Site and is dominated by approximately 500
m of basaltic flows with subordinate acidic pyroclastic and sedimentary rocks with an estimated
thickness of 550 m. The basalts are highly amygdaloidal and dark green to purple. The pyroclastic and
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sedimentary rocks of the Mortier Group are acidic; although locally they have high concentrations of
mafic debris giving the rocks a greenish colour and intermediate composition (Strong et al., 1977).

Rocks of the Cashel Lookout Formation underlie the area north of the site and include undivided acidic
pyroclastics, flow banded rhyolite (and/or ignimbrite) and volcaniclastic sediments (Strong et al., 1977).

5.6 Hydrogeology

A study entitled ‘The Hydrogeology of Agricultural Development Areas (ADA), Newfoundland and
Labrador’, was conducted for Winterland which borders Marystown to the west (JWEL, 2008). The
groundwater potential of the various geological units underlying the Winterland ADA was assessed
using available records for water wells completed within each unit obtained from the DEOC WRMD
Drilled Water Well Database for wells drilled between 1950 and March, 2008.

No well records were available for wells drilled in the Mortier Group, however, a total of 23 well records
from the community of Winterland were used to characterize the groundwater potential of the
geologically similar Marystown Group in the ADA. Based on well data, the Marystown Group strata are
considered capable of providing wells with low to moderate yields with water yields ranging from 4 to 90
L/min at well depths of 15 to 132 m, and an average vyield of 39 L/min at 71 m depth. However, median
yield and depth estimates of 34 L/min at 76 m depth are more likely representative of the typical
groundwater potential of this unit.

A study entitled ‘Hydrogeology of Eastern Newfoundland’ was completed in 2013. A total of 1819 well
records were available for a geological unit called Volcanic Strata of eastern Newfoundland. Well yields
ranged from 0.3 to 455 L/min with a median value of 9 L/min and averaged 25 L/min. Well depth ranged
from 8 to 228 m and averaged 67 m. The available data indicate that wells in Volcanic Strata in Eastern
Newfoundland generally have a low to moderate potential yield (AMEC, 2013).

6.0 DISCUSSION OF RESULTS

The depth to water measurements for the step drawdown test, the 72 hour pumping test and recovery
test are presented in Appendix D. The following is a summary of the various tests conducted between
June 28 and July 2, 2015.

6.1 Air Lift Test

An airlift test was conducted by DSD upon completion of the well, which indicated a potential yield of
approximately 454 to 680 L/min.

6.2 Step Drawdown Test

A step drawdown test was conducted in two 60 minute duration steps at pumping rates of 454.6 and
568.3 L/min, based on the estimated yield of the airlift test. Drawdowns of approximately 42.7 and 53.2
m were measured for each of the two steps/respective pumping rates identified above. Results of the
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step draw down test analysis, which used the Theis unconfined aquifer model solution, suggested that
transmissivity of the well was 0.000571 m2/sec and could sustain a pumping rate of approximately 568
L/min. A graph of the step drawdown test (Figure E-1) is provided in Appendix E.

6.3 72 Hour Pumping Test

The 72 hour pumping test was conducted between July 29 and August 2, 2015 at a constant rate of
approximately 568 L/min (determined from the step drawdown test). At the beginning of the pumping
test the static water level was 5.33 mbtoc.

During the first hour, the water level decreased approximately 10 m. The water level decreased steadily
from the beginning of the pumping test until approximately 200 minutes. Drawdown levelled to 12 m at
600 minutes (10 hours) and decreased less than 2 m during the remainder of the pumping test. A total
drawdown of 13 m was measured over the 72 hour duration of the pumping test.

Based on the shape of the drawdown curve, the Hantush leaky aquifer solution was used to interpret
the test. A leaky aquifer is interpreted to be over or underlain by a semi-impermeable confining layer
(aquitard) which leaks to some extent. Therefore water is pumped from not only the aquifer but also the
aquitard. In a leaky aquifer during early pumping times the water level drops relatively quickly as water
is pumped from the aquifer. During medium pumping times, more and more water from the aquitard is
assumed to be reaching the aquifer. At late pumping times, a significant or dominant portion of water is
from leakage through the aquitard, as flow towards the well reaches a steady state (Kruseman and de
Ridder, 1991). Though the fractured bedrock conditions on Site may not physically represent leaky
conditions, as water is mainly flowing through fractures in the rock, the high estimated yield values
indicate that limited primary porosity exists within the rock allowing limited storage that could mimic
leaky conditions.

A time — drawdown graph of the 72 pumping test (Figure E-2) is provided in Appendix E.
6.4 Recovery Test

Immediately following the 72 hour pumping test, the submersible pump was turned off and recovery
measurements were collected. The water level increased approximately 7 m during the first hour of
recovery. Recovery reached over 90% of the original static water level in approximately 3.5 hours. A
time — drawdown graph of the recovery test (Figure E-2) is provided in Appendix E.

6.5 Aquifer Test Analyses

» The 72 hour pumping test and recovery data were analyzed using the Hantush leaky aquifer
solution. The transmissivity value from the data analyzed was 2.3 x 10* m?%s for the 72 hour
pumping test and recovery data. Pumping test results are summarized in Table 1.
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Table 1. Pumping Test Results
Data Type Method Transmissivity (m?/s) Comments
Pumping Test | Hantush with aquitard storage 2.3 x10% 72 hour and recovery data

6.6 Safe Well Yield

Safe yield values were calculated using the transmissivity value calculated from the long term pumping
test and an available drawdown of 128 m (Table 2). Calculated values range from approximately 3887
L/min (855 Imperial gallons per minute (IGPM)) for one hour of pumping to 984 L/min (216 IGPM) for 20
years of continuous pumping. For one year of continuous pumping, 1208 L/min (265 IGPM) is
considered reasonable. A pumping rate of 265 IGPM is therefore recommended for the Grieg Seafarm
well in Marystown.

Table 2. Safe Yield Values for the Well.

Time | Time (min) | Q (m%s) | Q (L/min) | Q (Igpm)

1 hour 60 6.48E-02 3887 855
8 hours 480 4.30E-02 2578 567

1 day 1440 3.65E-02 2188 481
30 days 43200 2.49E-02 1491 328
100 days | 4320000 1.74E-02 1041 229

1 year 525600 2.01E-02 1208 265
20 years | 10512000 | 1.64E-02 984 216

7.0 WATER QUALITY RESULTS

Water quality results were compared to both potable water and aquatic life guidelines due to the
intended water usage.

71 Compared to Potable Water Guidelines

The following section provides a summary of the water quality results compared to the Health Canada
GCDWQ (Health Canada, 2015). Analytical tables are presented in Appendix F and the certificates of
analyses are presented in Appendix G. Results of the water quality results are summarized below:

» E. coli and total coliforms were not detected in the 72 hour water samples and therefore did not
exceed the GCDWAQ value of 0 detected per 100 ml (refer to Table 1, Appendix G). Water
samples were collected within the first hour of the test; however, it was a holiday (July 1%!) and the
lab was not open and holding times were therefore unintentionally exceeded for the first sample.
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» The turbidity value of 5.9 NTU and 0.60 NTU detected in the 1 and 72 hour water samples,
respectively, exceeded the GCDWQ of 0.1 NTU for treated water.

» Concentrations of other metal and general chemistry parameters were below the GCDWQ.

It is also noted that the GCDWAQ is for treated water and not for untreated raw water pumped during the
pumping test. Filtration systems should be designed and operated to reduce turbidity levels as low as
reasonably achievable and strive to achieve a treated water turbidity target from individual filters of less
than 0.1 NTU. Particles can harbour microorganisms, protecting them from disinfection, and can entrap
heavy metals and biocides; elevated or fluctuating turbidity in filtered water can indicate a problem with
the water treatment process and a potential increased risk of pathogens in treated water (Health
Canada, 2014). The turbidity value decreased with time between the 1 hour and 72 hour samples and
is anticipated to continue to decrease over time as the well goes into production.

7.2 Compared to Aquatic Life Guidelines

Grieg requested that the water quality data be compared to applicable guidelines for the protection of
freshwater and marine aquatic life since the water will be used for aquaculture. It is understood,
however, that for approval the DOEC WRMD will assume that the well will be used for potable water.

The following section provides a summary of the water quality results compared to the Canadian Council
of Ministers of Environment (CCME) Water Quality Guidelines for the protection of freshwater and
marine aquatic life (CCME, 2015). Analytical tables are presented in Appendix F and the certificates of
analyses are presented in Appendix G. Results of the water quality results are summarized below:

» A phosphorus concentration of 150 ug/L exceeded the CCME trigger value for the hyper eutrophic
range.

» Concentrations of other metal and general chemistry parameters were below the CCME
guidelines for the protection of freshwater and marine aquatic life.

Phosphorus is an essential nutrient for all living organisms; living matter contains about 0.3 percent dry
weight phosphorus. Water bodies containing low phosphorus concentrations (i.e., unimpacted sites)
typically support relatively diverse and abundant aquatic life that are self-sustaining and support various
water uses. However, elevated phosphorus concentrations can adversely affect aquatic ecosystems if
ionic phosphorus encounters oxygen to form phosphate. The elevated phosphorus is not considered a
concern at this site, as it will be operated as a contained system and the phosphorus is expected to
precipitate out of the solution as a salt in the presence of magnesium, calcium and sodium.

It should also be noted that the rocks of the Creston Group underlying the Site contains up to 0.44 weight
percent (%) P20s (4400 mg/kg) and 1.15 % apatite. Apatite is a phosphate mineral with chemical formula
Cas(POa)3(F,CI,OH). Thus, the source of the phosphorus in the water may be the bedrock (Taylor, 1978).
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8.0 CONCLUSIONS
The results of the document review, pumping test analyses, and water quality data indicate:

» The average transmissivity of the well calculated from the 72 hour pumping test is 2.3 x 10* m?/s.

» Quantitative evaluation of the pumping test indicates that the well is capable of producing
approximately 1208 L/min (265 IGPM).

» The turbidity value of 5.9 NTU and 0.60 NTU detected in the 1 and 72 hour water samples,
respectively, exceeded the GCDWQ of 0.1 NTU for treated water. Turbidity typically decreases
with time as a new well goes into production. It is also noted that the GCDWQ is for treated water
and not for untreated raw water pumped during the pumping test.

» A phosphorus concentration of 150 ug/L exceeded a CCME trigger value for the hyper eutrophic
range.

All conclusions are based on the results of the document review, aquifer tests, and water quality results.
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9.0 RECOMMENDATIONS

The following recommendations are proposed should the well be used as a water supply well or for
aquaculture water source:
> Well Yield: The well can sustain a safe pumping rate of 1208 L/min (265 IGPM).

> Water Level: Water level within the well should be monitored to ensure sustainable use, and the
pumping rate may need to be adjusted to avoid over use.

» Turbidity: Filtration is recommended to address the elevated turbidity levels or further water
samples should be collected to show that turbidity levels decrease below guidelines.

» Regulations: It is recommended that applicable guideline and regulations be followed for design,
construction and operation of the water system.

All recommendations are based on the results of the document review, aquifer tests, and water quality
results.
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10.0 CLOSURE

This report has been prepared for the exclusive use of DS Drilling Services Limited. The
hydrogeological assessment was conducted using standard practices and in accordance with written
requests from the client. No further warranty, expressed or implied, is made. The conclusions
presented herein are based solely upon the scope of services and time and budgetary limitations
described in our contract. Any use which a third party makes of this report, or any reliance on or
decisions to be made based on it, are the responsibility of such third parties. Amec Foster Wheeler
Environment & Infrastructure accepts no responsibility for damages, if any, suffered by any third party
as a result of decisions made or actions based on this report. The limitations of this report are
attached in Appendix H.

Yours sincerely,

Amec Foster Wheeler Environment & Infrastructure,
a Division of Amec Foster Wheeler Americas Limited

Prepared by: Reviewed by:
"/7" "‘,u“v[r 'J‘,(/f; Z
/ \ -
Robert Foley, Geologist in Training, M.Sc. Titia Praamsma, P.Geo., M.Sc.
Intermediate Project Professional Senior Hydrogeologist
Reviewed by:

e T fﬂmﬁ D
N

Susan Barfoot, P.Eng.
Senior Environmental Engineer
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]% | dag Department of Environment and Conservation
Newfb dland Well Identification Number (WIN) Wat% :ﬁsgzﬁifrﬂsgziegiz; E:ansron
Labrador ’ ‘

Measurements: X Metric [] US

Well Owner Information (must be the final owner of well or borehole)

F/rrm/réa &aﬁcis?a/;;z,)z/d g %&/M Loce, /D.Box 98

Town/City, LGI LGID Nam‘é s Postal Code Telephone
//ﬂn’f | , A 20 TEE -TIN 43

WeIIIBorehole Location

Town/City ' Strﬁw A%sl t Number Land Owner (Developer, Private, etc.)
Marytown ¢ 94:» % Z ,ﬁw—-« ) W arwcrbron
GPS Coordinates Latitude NY 71 °\ g ° _7_>_1 .0 " |Longitude W 6 55 °0 94 (_Q_ | P Wy

Sketch of Well Location Water Bearing Zones
< Depth Rate Type
[ \ g m 8 L ?fY\
% b
< ‘ S W e N
[ \ :
& z
&3’%‘“ L\C{ ™ \%O L
M 3 V23 ™ (HsU- [ (BO LFfm
McCetigan BovlEVnrc Type of Water Encountered
N’Fresh O Odourous [0 Salt
O Cloudy O Clear O Coloured
Show distances from at least two landmarks and indicate North J
Include street / road name / and house / lot number if available L Other (Specify)
Borehole Lithology
Depth Colour Lithology
O— 3w Rrown Seod % Greue\
3"“3:\-\ REC\;S\\ Green Velenaic /ge_&\ w\_E\\\‘m'\A
uﬁ{ MmN Geeen \J o\c.hm\ﬁ/ S\:d\m-_n*nhu
? i i
A= V28| Qedish Loeen
Depth to Bedrock: 3 Depth of borehole containing casing: A4, 3’ Total depth of borehole: _\__B_m

Casing Information - recommended Sch 40, .280 Wall Annular Space and Sealant

The annulus of the well should be sealed with an impermeable
sealant from the bottom of the casing/drive shoe to the surface.

Casing should be finished 0.60 metres (2 feet) above grade

Depth Inside : Depth
Eroi To Siiiaion Type Thickness Erofi To Type of Sealant Used
o |12% % Schbo| £:25 [112.8 [ 1w | Benrende @eouk
Height of the casing finish sbove grade: Reason why annulus was not sealed:
Screen Information
From To Slot Diameter | Material
Was a screen installed? [J Yes B’No
Drilling Method Final Status of Well/Borehole
P Rotary (Air) I Hammer O Reverse Rotary
0 Domestic O Municipal O Exploration [ Sealed Well
O Other :
: 3 O Dewatering [0 Geothermal [ Observation H’Other And usteial
Drive Shoe installed? [ Yes 0 No
Pumping Test Results
Flowing Well: I Yes O No Static Water Level: \Q_ Recommended Pumping Rate:
If flowing, rate:
Method: Pump Intake at: Duration: Recommended Pump Depth:
FairLit O Pump
O Other Pumping Rate during Test: Estimated Safe Yield: (a g ®) 5 Fm
Licenced Water Well Construction Contractor Information
Comments:
Well Construction Company Licence Number Well Completed on: (Day — Month — Year)

DDS Oc\\ iney Secyices O’ZODH . /L /10i5
riller f riller an
,/Zé( Qave Dolln 7 kel i L hile

Sign Print 4 Sign Print

This is a Legal Document Safeguard with Home Owner’s Documents

If you have any questions regarding this document, please call Water Resources Management at 709-729-2563
White Copy — Department of Environment and Conservation Yellow Copy - Drilling Company Pink Copy — Well Owner
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,;;—__7 . .
Newﬁ)di{dland Department of Environment & Conservation

Labrador Water Resniirces Mananement Divisinn

Nutrients and Metals

Source Water Quality for Public Water Supplies

Sample Date Ammonia DOC Nitrate(ite)  Kjeldahl Total Aluminum  Antimony  Arsenic Barium Cadmium Chromium Copper Iron Lead Magnesium Manganese Mercury Nickel Selenium  Uranium  Zinc
Nitroaen Phosphorus
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 10 0.006 0.01 1.0 0.005 0.05 1.0 03 0.01 0.05 0.001 0.01 0.02 5.0
Aesthetic(A) Parameter or Contaminant (C) C (o} [} (o} C (o} A A C A C C C A
Community Name: Marystown
Service Area: Marystown
Source Name: Fox Hill Reservoir / Clam
Pond
Sep 20, 2012 nonn 10.0 0.000 0.120 0.000 0.120 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.180 0.000 0.000 0.130 ).0000 0.000 0.000 0.0000  0.000
Nov 17, 2009 nonn 8.0 0.000 0.200 0.000 0.140 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.1800.000 0.600 0.032 ).0000 0.000 0.000 0.0000  0.000
Jun 03, 2009 n.0nn 5.4 0.000 0.200 0.000 0.080 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.050 0.000 0.700 0.013 ).0000 0.000 0.000 0.0000  0.006
Aug 28, 2007 0 0RN 6.3 0.000 0.300 0.000 0.100 0.00000 0.000 0.005 0.00000  0.00000 0.000 0.0900.000 0.700 0.028 ).0000 0.000 0.000 0.0000  0.000
Feb 14, 2007 0 0RN 10.1 0.000 0.810 0.020 0.090 0.00000 0.000 0.000 0.00000  0.00000 0.006 0.120 0.000 0.000 0.030 ).0000 0.000 0.000 0.0000  0.040
Aug 29, 2006 nonn 8.3 0.000 0.190 0.000 0.120 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.1800.000 0.000 0.080 ).0000 0.000 0.000 0.0000  0.000
Sep 13, 2005 n.0nn 6.1 0.000 0.230 0.000 0.080 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.080 0.000 0.000 0.040 ).0000 0.000 0.000 0.0000  0.000
1 Jul 22, 2015



Sample Date Ammonia DOC Nitrate(ite)  Kjeldahl Total Aluminum  Antimony  Arsenic Barium Cadmium Chromium Copper Iron Lead Magnesium Manganese Mercury Nickel Selenium  Uranium  Zinc
Nitroaen Phosphorus
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 10 0.006 0.01 1.0 0.005 0.05 1.0 0.3 0.01 0.05 0.001 0.01 0.02 5.0
Aesthetic(A) Parameter or Contaminant (C) C C C C C C A A C A C C C A
Nov 16, 2004 N 0&N 7.6 0.000 0.220 0.000 0.120 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.1300.000 0.000 0.030 ).0000 0.000 0.000 0.0000 0.000
Jun 08, 2004 N 0RN 5.9 0.000 0.350 0.000 0.110 0.00000 0.000 0.000 0.00000  0.00000 0.000 0.1000.000 0.000 0.020 ).0000 0.000 0.000 0.0000 0.000
Nov 12, 2003 N 0N&N 5.9 0.050 0.220 0.010 0.120 0.00050 0.001 0.005 0.00005 0.00050 0.001 0.1300.001 0.500 0.040 ).0000 0.003  0.001 0.005
May 27, 2003 nn1n 4.2 0.050 0.210 0.010 0.160 0.00050 0.001 0.010 0.00020  0.00050 0.001 0.1100.001 1.000 0.036 ).0000 0.003  0.001 0.003
Jan 29, 2002 nnin 4.7 0.150 0.240 0.005 0.120 0.00050 0.001 0.005 0.00005 0.00050 0.001 0.1300.001 1.000 0.020 ).0000 0.005 0.001 0.0005 0.005
Nov 20, 2001 n100 7.6 0.050 0.290 0.005 0.150 0.001 0.005 0.00005 0.00050 0.001 0.1700.001 0.500 0.050 ).0000 0.001 0.001 0.005
Sep 12, 2001 nnin 4.7 0.050 0.270 0.005 0.290 0.001 0.010 0.00005 0.00050 0.001 0.0900.001 0.500 0.060 ).0001 0.005 0.001 0.005
Jun 19, 2001 6.2 0.003 0.300 0.005 0.025 0.005 0.025 0.00100  0.00500 0.005 0.0500.001 1.170 0.030 ).0005 0.005 0.005 0.010
Mar 06, 2001 5.6 0.003 0.350 0.005 0.080 0.00100  0.00500 0.005 0.0500.001 1.310 0.010 ).0005 0.005 0.005
Nov 22, 2000 8.4 0.003 0.200 0.005 0.120 0.00100  0.00500 0.005 0.1200.001 0.760 0.030 ).0005 0.005 0.005
Sep 06, 2000 6.1 0.003 0.220 0.005 0.060 0.00100  0.00500 0.005 0.1600.001 1.720 0.060 ).0005 0.005 0.005
2 Jul 22, 2015



Sample Date Ammonia DOC Nitrate(ite)  Kjeldahl Total Aluminum  Antimony  Arsenic Barium Cadmium Chromium Copper Iron Lead Magnesium Manganese Mercury Nickel Selenium  Uranium  Zinc
Nitroaen Phosphorus
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 10 0.006 0.01 0.005 0.05 1.0 0.3 0.01 0.05 0.001 0.01 0.02 5.0
Aesthetic(A) Parameter or Contaminant (C) C C C C C A A C A C C C A
Jun 06, 2000 5.2 0.003 0.260 0.005 0.025 0.00100  0.00500 0.005 0.0050.001 0.600 0.005 ).0005 0.005 0.005
Feb 23, 2000 5.0 0.003
Oct 19, 1999 8.5 0.003 0.360 0.005 0.025 0.005 0.1300.001 0.070 0.005
Jul 27, 1999 3.2
Jun 01, 1999 5.9 0.003 0.200 0.005 0.025 0.005 0.0500.001 0.020 0.005
Feb 08, 1999 5.8
Oct 20, 1998 7.6 0.003 0.250 0.005 0.080 0.005 0.1400.001 0.040 0.005
May 27, 1998 6.2 0.003 0.110 0.005 0.110 0.020 0.1100.001 0.010 0.020
Nov 01, 1995 N 0Nk 6.9 0.025 0.100 0.005 0.110 0.00010  0.00025 0.005 0.104 0.001 0.990 0.060 0.005
Jun 13, 1995 00N} 4.9 0.010 0.160 0.002 0.060 0.00020  0.00025 0.004 0.0390.001 1.000 0.019 0.005
Oct 23, 1991 6.3 0.130 0.000 0.00050  0.00010 0.001 0.1100.001 1.030 0.120 ).0000 0.001 0.005

Jul 22, 2015



Sample Date Ammonia DOC Nitrate(ite)  Kjeldahl Total Aluminum  Antimony  Arsenic Barium  Cadmium Chromium Copper Iron Lead Magnesium Manganese Mercury Nickel Selenium  Uranium  Zinc

Nitroaen Phosphorus
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 10 0.006 0.01 1.0 0.005 0.05 1.0 03  0.01 0.05 0.001 0.01 0.02 5.0
Aesthetic(A) Parameter or Contaminant (C) C C [} (o} [} [} A A [} A [} C [} A
Jun 04, 1991 3.4 0.063 0.00050  0.00010 0.001 0.050 0.001 0.980 0.020 ).0000 0.001 0.005
Nov 07, 1985 5.1 0.030 0.070 0.000 0.00050 0.00010 0.001 0.1050.001 1.000 0.080 ).0000 0.001 0.005
Jun 20, 1985 3.8 0.020 0.015 0.000 0.00100  0.00010 0.001 0.004 0.002 1.060 0.005 ).0000 0.001 0.005

4 Jul 22, 2015



Sample Date Ammonia DOC Nitrate(ite)  Kjeldahl Total Aluminum  Antimony  Arsenic Barium  Cadmium Chromium Copper Iron Lead Magnesium Manganese Mercury Nickel

Selenium  Uranium Zinc

Nitroaen Phosphorus
Units mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 10 0.006 0.01 1.0 0.005 0.05 1.0 0.3 0.01 0.05 0.001 0.01 0.02 5.0
Aesthetic(A) Parameter or Contaminant (C) C C [} (o} [} [} A A [} A [} [} [} A

Source water samples are collected directly from the source such as a groundwater well, lake, pond, or stream prior to disinfection or other treatment. The source water quality is analyzed to determine the quality of water that flows into your water treatment and distribution system. The quality of the water
this water is a direct indicator of the health of the ecosystem that makes up the natural drainage basin, well head recharge area or watershed area. Monitoring of source water quality is the most important tool to assess the impact of land use changes on source water quality, the presence of disinfection
hv-nradiict (NRP) nra-niirsnrs and tn ensiira the intearity of a niihlic water auinnlv.- The valiies for each narameter are as renarted hv the lan and verified hv the denartment
Quality Assurace / Quality Control (QA/QC) - The department is striving to improve the quality of the data using standard QA/QC protocols. This is an evolving process which many result in minor changes to the reported data.
LTD - Less Than Detection Limit - The detection limit is the lowest concentration of a substance that can be determined using a particular test method and instrument. Detection limits vary from parameter to parameter and change from time to time due to improvements in
analytical procedures and equipment.
The exceedence report for source water provides a brief discussion and interpretation of health related water quality parameters, if any, that exceed the acceptable limits as set out in the Guidelines for Canadian Drinking Water Quality, Sixth Edition (GCDWQ). This comparison is only for
screening purposes since at present there are no guidelines for untreated source water. The GCDWQ applies to water at the consumers tap. However in the absence of water treatment these guidelines could be applicable to source water quality.
Aesthetic (A) Parameters - Aesthetic parameters reflect substances or characteristics of drinking water that can affect its acceptance by consumers but which usually do not pose any health effects.
Contaminants (C) - Contaminants are substances that are known or suspected to cause adverse effects on the health of some people when present in concentrations greater than the established Maximum Acceptable Concentrations (MACs) or the Interim Maximum Acceptable Concentrations (IMACs) of the
GCDWAQ. Each MAC has been derived to safeguard health assuming lifelong consumption of drinking water containing the substance at that concentration. IMACs are reviewed periodically as new information becomes available. Please consult your Medical Officer of Health for additional information on the
health asnearnts nf rontaminants
Contaminants Aesthetic Parameters
Nitrate(ite) - The maximum acceptable concentration for nitrate(ite) in drinking water is 10 mg/L expressed as nitrate-nitrogen. Nitrate and nitrite are naturally occurring ions that are Copper - The aesthetic objective for copper in drinking water is 1.0 mg/L. Copper is widely distributed in nature and is found frequently in surface water and in some groundwater. Usually, copper
widespread in the environment. High levels of this contaminant can cause adverse health effects for some people. in tap water is the result of dissolution of copper piping within the distribution system. The aesthetic objective was set to ensure palatability and to minimize staining of laundry and plumbing

fixtures. Copper is an essential element in human metabolism and copper deficiency results in a variety of clinical disorders. At extremely high doses copper intake can result in

Arsenic - The interim maximum acceptable concentration for arsenic in drinking water is 0.01 mg/L. Arsenic is introduced into water through the dissolution of minerals and ores, from adverse health effects. High levels of copper in tap water may result in blue-green staining on some fixtures.
industrial effluents and via atmospheric deposition. High levels of this contaminant can cause adverse health effects for some people.

Iron - The aesthetic objective for iron in drinking water is 0.3 mg/L. Usually, iron in tap water is the result of high iron content in the raw water and dissolution of iron piping within the distribution

Barium - The maximum acceptable concentration for barium in drinking water is 1.0 mg/L. Barium is not found free in nature but occurs as in a number of compounds. High levels of this system. Iron is an essential element in nutrition. High levels of iron in tap water can cause staining of laundry and plumbing fixtures, unpleasant taste, colour and promote biological growths in
contaminant can cause adverse health effects for some people. the distribution system.

Cadmium - The maximum acceptable concentration for cadmium in drinking water is 0.005 mg/L. Cadmium that is present as an impurity in galvanized pipes, a constituent of solders Manganese - The aesthetic objective for manganese in drinking water is 0.05 mg/L. Usually, manganese in drinking water is the result of high amounts of manganese in the source water

used in fitting water heaters or incorporated into stabilizers in black polyethylene pipes may contaminate water supplies during their distribution. High levels of this contaminant can supply’s bedrock. Manganese is an essential element in humans and is regarded as one of the least toxic elements. High levels of manganese may cause staining of plumbing and laundry and
cause adverse health effects for some people. undesirable tastes in beverages.

Chromium - The maximum acceptable concentration for chromium in drinking water is 0.05 mg/L. High levels of this contaminant can cause adverse health effects for some people. Zinc - The aesthetic objective for zinc in drinking water is 5.0 mg/L. Zinc in water can be naturally occurring or due to zinc in plumbing materials. Zinc is an essential element for human nutrition.

Long term ingestion of zinc has not resulted in adverse effects. Water with zinc concentrations higher than the aesthetic objective has an astringent taste and may be opalescent and develop a

Lead - The i l cor ion for lead in drinking water is 0.010 mg/l. Lead is present in tap water as a result of dissolution from natural sources or from the greasy film on boiling.
distribution systems and plumbing containing lead in pipes, solder or service connections. High levels of this contaminant can cause adverse health effects for some people.

Mercury - The maximum acceptable concentration for mercury in drinking water is 0.001 mg/L. High levels of this contaminant can cause adverse health effects for some people.

Selenium - The maximum acceptable concentration for selenium in drinking water is 0.01 mg/L. High levels of this contaminant can cause adverse health effects for some people. mg/L = milligrams per litre or parts per million uS/cm = micro Siemens per centimeter NTU = nephelometric turbidity units TDS = total dissolved solids TSS = total suspended solids TCU = true
colour units

Uranium - The interim maximum acceptable concentration for uranium in drinking water is 0.02 mg/L. Uranium may enter drinking water from naturally occurring deposits or as a result of DOC = dissolved organic carbon Nitrate(ite) = Nitrate + Nitrite WS # = water supply number SA# = serviced area number GCDWQ = Guidelines for Canadian Drinking Water Quality

human activity, such as mill tailings and phosphate fertilizers. High levels of this contaminant can cause adverse health effects for some people. Notes : Guidelines for Canadian Drinking Water Quality have not been developed for all the parameters listed in this report.

pH has no units
Antimony - The interim maximum acceptable concentration (IMAC) for antimony in drinking water is 0.006 mg/L. It is a naturally occurring metal that is introduced into water through the
natural weathering of rocks, runoff from soils, effluents from mining and manufacturing operations, industrial and municipal leachate discharges and from household piping and possibly
non-leaded solders. High levels of this contaminant can cause adverse health effects for some people.
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Newh?édland Department of Environment & Conservation
Labrador Water Resources Management Division

Source Water Quality for Public Water Supplies
Physical Parameters and Major lons

Sample Date Alkalinity Color Conductivit Hardness pH TDS TSS  Turbidity = Boron Bromide Calcium Chloride Fluoride Potassium Sodium Sulphate
Units mg/L TCU pS/cm mg/L mg/L mg/L NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 15 65 -85 500 1.0 5.0 250 1.5 200 500
A
Aesthetic(A) Parameter or Contaminant (C) A A Cc Cc A (¢} A A
Community Name: Marystown
Service Area: Marystown
Source Name: Fox Hill Reservoir / Clam
Pond
Sep 20, 2012 0.00 66 43.0 7.00 6.5 28 1.10 0.00 0.00 3.00 7 0.000 0.000 4 0
Nov 17, 2009 5.00 64 42.0 9.00 6.4 21 0.70 0.00 0.00 2.30 7 0.000 0.200 5 0
Jun 03, 2009 6.00 35 46.0 9.00 6.3 21 0.00 0.01 0.00 2.40 7 0.000 0.300 6 0
Aug 28, 2007 5.00 28 45.0 11.00 6.8 21 0.60 0.01 0.00 3.20 6 0.000 0.300 5 0
Feb 14, 2007 7.00 55 64.0 5.00 6.4 42 0.90 0.00 0.00 2.00 12 0.000 0.000 6 4
Aug 29, 2006 7.00 54 49.0 7.00 6.5 32 1.20 0.00 0.00 3.00 8 0.000 0.000 4 3
Sep 13, 2005 13.00 30 49.0 10.00 7.2 32 0.80 0.00 0.00 4.00 8 0.000 0.000 5 3
Nov 16, 2004 12.00 57 62.0 10.00 71 40 1.00 0.00 0.00 4.00 10 0.000 0.000 5 4
Jun 08, 2004 8.00 41 60.0 5.00 6.4 39 0.60 0.00 0.00 2.00 9 0.000 0.000 7 3
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Sample Date Alkalinity Color Conductivit Hardness pH TDS TSS  Turbidity = Boron Bromide Calcium Chloride Fluoride Potassium Sodium Sulphate

Units mg/L TCU uS/cm mg/L mg/L mg/L NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 15 6.5 -85 500 1.0 5.0 250 15 200 500
Aesthetic(A) Parameter or Contaminant (C) A A A C C A C A A
Nov 12, 2003 17.00 42 66.0 7.00 6.4 43 0.70 0.01 0.03 3.00 12 0.050 0.500 7 4
May 27, 2003 18.00 26 67.0 22.00 6.8 44 0.90 0.03 0.03 7.00 13 0.050 0.500 7 4
Jan 29, 2002 10.00 41 63.0 14.00 6.5 41 1.10 0.03 0.03 4.00 11 0.050 0.500 6 4
Nov 20, 2001 10.00 58 54.0 10.00 6.8 36 0.80 0.03 0.03 4.00 9 0.050 0.500 7 4
Sep 12, 2001 11.00 50 61.0 10.00 6.5 36 1.50 0.01 0.03 4.00 9 0.050 0.500 5 4
Jun 19, 2001 7.50 48 60.5 14.00 6.9 46 0.15 0.03 0.03 3.74 15 0.005 0.240 8 2
Mar 06, 2001 9.50 43 725 6.4 47 1 0.11 0.03 3.49 11 0.005 0.270 9 2
Nov 22, 2000 8.00 69 50.5 6.6 38 1 0.31 0.03 3.18 7 0.005 0.280 6 2
Sep 06, 2000 8.60 50 58.0 7.1 43 1 0.21 0.03 5.09 8 0.005 0.200 8 2
Jun 06, 2000 7.60 47 59.0 7.2 38 1 0.54 0.03 2.83 8 0.005 0.240 6 2
Feb 23, 2000 38 63.4 6.5 0.32 0.03 10 2
Oct 19, 1999 4.20 75 65.6 6.3 46 1 0.47 0.03 2.91 11 0.025 0.480 6 2
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Sample Date Alkalinity Color Conductivit Hardness pH TDS TSS  Turbidity = Boron Bromide Calcium Chloride Fluoride Potassium Sodium Sulphate

Units mg/L TCU uS/cm mg/L mg/L mg/L NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Guidelines for Canadian Drinking Water Quality 15 6.5 -85 500 1.0 5.0 250 15 200 500
Aesthetic(A) Parameter or Contaminant (C) A A A C C A C A A
Jul 27, 1999 32 63.7 71 0.12 0.03
Jun 01, 1999 5.40 52 55.5 6.8 37 1 0.40 0.03 276 8 0.025 0.150 5 2
Feb 08, 1999 27 66.5 6.3 0.30
Oct 20, 1998 6.70 70 50.1 6.8 34 1 1.10 3.29 7 0.210 5 2
May 27, 1998 4.50 60 43.7 6.6 32 2 0.50 2.33 7 0.150 4 2
Nov 01, 1995 8.59 50 59.0 7.0 40 0.80 3.85 9 0.050 0.260 6 2
Jun 13, 1995 8.81 5 65.7 7.0 50 0.55 4.20 12 0.083 0.300 7 3
Oct 23, 1991 33 67.0 7.0 1.05 4.15 13 0.030 0.410 7 3
Jun 04, 1991 20 69.0 7.0 0.40 4.00 13 0.030 0.380 8 3
Nov 07, 1985 8.80 13 68.0 6.9 1.00 4.10 12 0.030 0.340 7 3
Jun 20, 1985 7.95 5 75.0 7.0 0.35 3.90 14 0.030 0.320 7 4
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Sample Date Alkalinity Color Conductivit

Units mg/L TCU pS/cm
Guidelines for Canadian Drinking Water Quality 15
A

Aesthetic(A) Parameter or Contaminant (C)

Hardness pH TDS TSS  Turbidity = Boron Bromide Calcium Chloride Fluoride Potassium Sodium
mg/L mg/L NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L
6.5 -85 500 1.0 5.0 250 15 200
A A c c A c A

Sulphate
mg/L

500

Source water samples are collected directly from the source such as a groundwater well, lake, pond, or stream prior to disinfection or other treatment. The source water quality is analyzed to determine the quality of water that flows into your water treatment and distribution system. The quality of the water
this water is a direct indicator of the health of the ecosystem that makes up the natural drainage basin, well head recharge area or watershed area. Monitoring of source water quality is the most important tool to assess the impact of land use changes on source water quality, the presence of disinfection
by-product (DBP) pre-cursors and to ensure the integrity of a public water supply. The values for each parameter are as reported by the lap and verified by the department.

Quality Assurace / Quality Control (QA/QC) - The department is striving to improve the quality of the data using standard QA/QC protocols. This is an evolving process which many result in minor changes to the reported data.
LTD - Less Than Detection Limit - The detection limit is the lowest concentration of a substance that can be determined using a particular test method and instrument. Detection limits vary from parameter to parameter and change from time to time due to improvements in

analytical procedures and equipment.

The exceedence report for source water provides a brief discussion and interpretation of health related water quality parameters, if any, that exceed the acceptable limits as set out in the Guidelines for Canadian Drinking Water Quality, Sixth Edition (GCDWQ). This comparison is only for
screening purposes since at present there are no guidelines for untreated source water. The GCDWQ applies to water at the consumers tap. However in the absence of water treatment these guidelines could be applicable to source water quality.

Aesthetic (A) Parameters - Aesthetic parameters reflect substances or characteristics of drinking water that can affect its acceptance by consumers but which usually do not pose any health effects.

Contaminants (C) - Contaminants are substances that are known or suspected to cause adverse effects on the health of some people when present in concentrations greater than the established Maximum Acceptable Concentrations (MACs) or the Interim Maximum Acceptable Concentrations (IMACs) of the
GCDWAQ. Each MAC has been derived to safeguard health assuming lifelong consumption of drinking water containing the substance at that concentration. IMACs are reviewed periodically as new information becomes available. Please consult your Medical Officer of Health for additional information on the

Contaminants:

Turbidity - The maximum acceptable concentration for turbidity is 1 NTU. Turbidity refers to the water's ability to transmit light or the cloudiness of the water. Turbidity in tap
water can be the result of turbid raw water and influences within the distribution system. Turbidity is usually the result of fine organic and inorganic particles which do not
settle out. Increased turbidity of drinking water results in it being less aesthetically pleasing, and may interfere with the disinfection process.

Boron - The interim maximum acceptable concentration for boron in drinking water is 5.0 mg/L. Boron is widespread in the environment, occurring naturally in over 80
minerals and in the earth’s crust. Levels in well water have been reported to be more variable and often higher than those in surface waters, most likely due to erosion from
natural resources. High levels of this contaminant can cause adverse health effects for some peopleTurbidity - The maximum acceptable concentration for turbidity is 1 NTU.
Turbidity refers to the water's ability to transmit light or the cloudiness of the water. Turbidity in tap water can be the result of turbid raw water and influences within the
distribution system. Turbidity is usually the result of fine organic and inorganic particles which do not settle out. Increased turbidity of drinking water results in it being less
aesthetically pleasing, and may interfere with the disinfection process.

Fluoride - The maximum acceptable concentration for fluoride in drinking water is 1.5mg/L.The fluoride concentration in natural water varies widely as it depends on such
factors as the source of the water and the geological formations present. Trace amounts of fluoride may be essential for human nutrition and the presence of small quantities
leads to a reduction of dental caries. High levels of this contaminant can cause adverse health effects for some people.

mg/L = milligrams per litre or parts per million pS/cm = micro Siemens per centimeter NTU = nephelometric turbidity units TDS = total dissolved solids TSS = total suspended solids
TCU = true colour units

DOC = dissolved organic carbon Nitrate(ite) = Nitrate + Nitrite WS # = water supply number SA# = serviced area number GCDWQ = Guidelines for Canadian Drinking Water Quality
Notes : Guidelines for Canadian Drinking Water Quality have not been developed for all the parameters listed in this report.

pH has no units

Asthetic Parameters

Colour - An aesthetic objective of 15 true colour units (TCU) has been established for colour in drinking water. Colour in drinking water may be due to the
presence of coloured organic substances or metals such as iron, manganese and copper. Highly coloured industrial wastes also contribute to colour. The
presence of colour is not directly linked to health but it can be aesthetically displeasing.

pH -The acceptable range for drinking water pH is 6.5 - 8.5. The control of pH is primarily based on minimizing corrosion and encrustration in the distribution
system. Tap water with low pH may accelerate the corrosion process in the distribution system, and contribute to increased levels of copper, lead and possibly
other metals. Incrustation and scaling problems may become more frequent above pH 8.5

TDS - The aesthetic objective for TDS in drinking water is 500 mg/L. The term “total dissolved solids”(TDS) refers mainly to the inorganic substances that are
dissolved in water. At low levels TDS contributes to the palatability of water. At high levels it may cause excessive hardness, taste, mineral deposition and
corrosion.

Chloride - The aesthetic objective for chloride in drinking water is 250 mg/L. Chloride can be in water from a variety of sources, including the dissolution of salt
deposits and salting of roads for ice control. No evidence has been found suggesting that ingestion of chloride is harmful to humans. However, high levels of
chloride in water can impart undesirable tastes to water and beverages prepared from water.

Sodium - The aesthetic objective for sodium in drinking water is 200 mg/L. Since the body has very effective means to control levels of sodium, sodium is not an
acutely toxic element in the normal range of environmental or dietary concentrations. At extremely high dosages it has adverse health effects. Sodium levels may be of interest
to authorities who wish to prescribe sodium restricted diets for their patients..

Sulphate - The aesthetic objective for sulphate in drinking water is 500 mg/L. Sulphates, which occur naturally in numerous minerals, are used in the mining and
pulping industries and in wood preservation. Large quantities of sulphate can result in catharsis and gastrointestinal irritation. The presence of sulphate above
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Location: Marystown

Pumping Wel

Total depth of Well: 420’Cased To: 42’

Inside Diameter: 8”

Measuring Point Above Ground level: 2’9"

GPS Coordinates:47 10’ 37” N

5509’ 06” W

Start Time: 8:45 a.m. June 29, 2015

Pump Set@ 217’ + 17.2”

| — Step Test Recovery
Project: Greig SeaFarms
Screened/Open Hole to: 8”
Static Water Level: 17.5’

Date: June 29, 2015

Pump Test Phase: 72 Hour Pumping Test

Step Elapsed Time (min) Water Level Flow
1 45.8
2 41.15
3 38.8
4 37.25
5 36.15
6 35.1
7 344
8 33.75
9 33.2
10 32.7
11 32.25
12 31.9
13 31.55
14 31.2
15 30.9
20 29.7
25 28.8
30 28.1
35 27.5
40 27
45 26.55
50 26.15
55 25.8
60 25.5
90 24.1
120 23.2
150 224
180 22
210 21.8
240
270
300




Location: Marystown

Total depth of Well: 420’Cased To: 42’

Inside Diameter: 8”

Measuring Point Above Ground level: 2’9"

GPS Coordinates:47 10’ 37” N

Start Time: 8:45 a.m. June 29, 2015

Pump Set@ 217’ + 17.2”

Pumped Well Record
Project: Greig SeaFarms
Screened/Open Hole to: 8”
Static Water Level: 17.5’

Date: June 29, 2015

5509’ 06” W

Pump Test Phase: 72 Hour Pumping Test

Elapsed Time (Min) Water Level (ft) Pump Rate (GPM)
0 17.4 125
1 29.9
2 33
3 35
4 36.5
5 37.9
6 38.9
7 39.3
8 40.4
9 41
10 41.5
11 41.8
12 42.3
13 42.72
14 43.23
15 43.6
20 44.75
25 45.65
30 46.3
35 47.15
40 47.75
45 48.25
50 48.6
55 48.94
60 49.25
90 50.8
120 (2hrs) 53.7
150 54.55
180 54.85
210 55.3
240 (4 hrs) 55.71
270 56.1
300 56.3
360 (6hrs) 56.75




420 57.05
480 (8hrs) 57.3
540 57.47
600 (10 hrs) 57.6
660 57.75
720 (12 hrs) 57.9
780 58.0
840 (14 hrs) 58.15
900 58.2
960 NA
1020 NA
1080 58.45
1140 NA
1200 NA
1260 58.73
1320 58.71
1380 58.75
1440 (24 hrs) 58.7
1800 (30 hrs) 58.43
2160 (36 hrs) 58.7
2520 (42 hrs) 59
2880 (48 hrs) 59.3
3240 (54 hrs) 59.25
3600 (60 hrs) 60.05
3960 (66 hrs) 59.75
4320 (72 hrs) 59.85
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Figure E-1
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Data Set: P:\...\Griegsseafarm.aqt
Date: 08/03/15

WELL TEST ANALYSIS

Time: 09:44:42

Company: DS Dirilling
Test Well: Grieg Sea Farm
Test Date: June 28, 2015

PROJECT INFORMATION

Saturated Thickness: 378. ft

AQUIFER DATA
Anisotropy Ratio (Kz/Kr): 1.

WELL DATA
Pumping Wells Observation Wells

Well Name X (ft) Y (ft) Well Name X (ft) Y (ft)

PW 0 0 o PW 0 0
SOLUTION

Aquifer Model: Confined Solution Method: Theis (Step Test)

T =0.0005711 m?/sec S =4.579E-5

Sw=0. C =0.min/it2

P =2.

Step Test Model: Jacob-Rorabaugh s(t) =2.239Q + QOQ'

Time (1) = 1. min Rate (Q) in cu. ft/min W.E. = 100.% (Q from last step)
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Figure E-2

1007 [T T TTTI I \\HH‘ [T T TTTI I \\\HL
E
£
£
£ 10 ~
(&)
(_“ —
Qo ]
B
2 i
1. | \\HH‘ | \\HH‘ | \\HH‘ | \‘HHH
1. 10. 100. 1000. 1.0E+4

Time (min)

72 HOUR PUMPING TEST

Data Set: P:\...\72 Hour Pumping Test.aqt
Date: 08/03/15 Time: 09:42:43

PROJECT INFORMATION

Company: AMEC Foster Wheeler
Client: Dave Sullivan Drilling
Project: TF1563106

Location: Marystown

Test Well: Well #1

Test Date: June 29 to July 2, 2015

AQUIFER DATA

Saturated Thickness: 122.6 m Anisotropy Ratio (Kz/Kr): 0.001

Aquitard Thickness (b"): 1. m Aquitard Thickness (b"): 1. m
WELL DATA

Pumping Wells Observation Wells

Well Name X (m) Y (m) Well Name X (m) Y (m)

Well #1 0 0 s Well #1 0 0
SOLUTION

Aquifer Model: Leaky Solution Method: Hantush

T =0.0002335 m?/sec S =0.1612

r/B' =0.1 B =0.1

\.0‘

r/Bll - Q Bll
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TABLE F-1: TOTAL COLIFORM AND E. Coli in GROUNDWATER

Parameter | Unit | cgecbwaQ GS2

Sample Date (D/M/Y)] 02/07/2015

Escherichia Coli
(E. Coli) CFU/100mL | 0 per 100 ml| Not Detected
Total Coliforms CFU/100mL | O per 100 mI| Not Detected
Notes:

CFU/mL: Colony Forming Unit per mililitre

ND: Not Detected

GCDWQ: Health Canada Guidelines for Canadian Drinking Water Quality (Health Canada, August 2012)
Concentration exceeds GCDWQ



TABLE F-2: GENERAL CHEMISTRY IN GROUNDWATER

Parameter Units GecbwaQ CCME SAMPLE 1 GS2
Sample Date (D/M/Y) Freshwater Marine 29/06/2015 02/07/2015

Calculated Parameters
Anion Sum me/L NG - - 5.62 5.73
Bicarbonate Alkalinity (calc. as CaCO;) | mg/L NG - - 120 130
Calculated TDS mg/L 500 * - - 310 310
Carbonate Alkalinity (calc. as CaCOs;) mg/L NG - - 1.1 1.1
Cation Sum me/L NG - - 5.57 5.56
Hardness (as CaCO,) mg/L 5008 - - 180 200
lon Balance (% Difference) % NG - - 0.450 1.51
Langelier Index (20°C) N/A NG - - 0.350 0.368
Langelier Index (4°C) N/A NG - - 0.101 0.119
Nitrate (N) mg/L 10 13 200 - 0.52
Saturation pH (20°C) N/A NG - - 7.65 7.60
Saturation pH (4°C) N/A NG - - 7.90 7.85
Inorganics
Total Alkalinity (Total as CaCOs;) mg/L NG - - 120 130
Dissolved Chloride (CI) mg/L 2504 120 - 110 110
Colour TCU 154 narritive® narritive® <5.0 <5.0
Nitrate+Nitrite mg/L NG - - 0.38 0.52
Nitrite (N) mg/L 1 0.197% - - <0.010
Nitrogen (Ammonia Nitrogen) mg/L NG 0.588" 0.588" 0.056 <0.050
Total Organic Carbon (C) mg/L NG - - <0.50 <0.50
Orthophosphate (P) mg/L NG - - <0.010 <0.010
pH units 6.5-8.5" 6.5-9.5 7.0-87 8.00 7.96
Reactive Silica (SiO,) mg/L NG - - 7.6 7.5
Dissolved Sulfate (S0,) mg/L 500 A - - 7.0 6.7
Turbidity NTU 0.1° narritive® narritive® | INSONI e
Conductivity uS/cm NG - - 570 590
Dissolved Fluoride (F-) mg/L 1.5 0.120 - - -
Dissolved Organic Carbon (C) mg/L NG - - - -
Salinity N/A NG - narritive” - -
Total Kjeldahl Nitrogen mg/L NG - - - -
Bromide (Br-) mg/L NG - - - -
Notes:

me/L: milliequivalent per litre

mg/L: miligram per litre

TCU: True Colour Units

NTU: Nephelometric Turbidity Unit

uS/cm: microsiemens per centimetre

N/A: Not Applicable

NG: No guideline available

GCDWQ: Health Canada Guidelines for Canadian Drinking Water Quality (Health Canada, August 2012)

CCME: Canadian Council of Ministers of Environment Water Quality Guidelines for the Protection of Aquatic Life

Concentration exceeds GCDWQ

Concentration exceeds the CCME Guideline for Freshwater or Marine Aquatic Life

A Guideline is an Aesthetic Objective (AO) and is not a health-based guideline.

8 Public acceptance of hardness varies considerably. Hardness levels in excess of 500 mg/L are normally considered unacceptable. Hardness
levels between 80 and 100 mg/L (as CaCO3) provide acceptable balance between corrosion and incrustation.

cTurbidity levels should be less than 0.1 NTU; however, chemically assisted filtration </= 0.3 NTU; slow sand or diatomaceous filtration </= 1.0
NTU and membrane filtration </= 0.1 NTU.

True Colour

The mean absorbance of filtered water samples at 456 nm shall not be significantly higher than the seasonally adjusted expected value for the
system under consideration.

Apparent Colour

The mean percent transmission of white light per metre shall not be significantly less than the seasonally adjusted expected value for the system
under consideration.

EGuideline is 60 NO,-N which can be expressed as Hg nitrite-nitrogen/L. This value is equivalent to 197 pg nitrite/L.

FAmmonia guideline: Expressed as pg un-ionized ammonia/L. This would be equivalent to 16 pg ammonia-N /L (=19*14.0067 / 17.35052, rounded
to two significant figures). Guideline for total ammonia is temperature and pH dependent, please consult factsheet for more information.

C®Clear Flow

Maximum increase of 8 NTUs from background levels for a short-term exposure (e.g., 24-h period). Maximum average increase of 2 NTUs from
background levels for a longer term exposure (e.g., 30-d period).

High Flow or Turbid Waters

Maximum increase of 8 NTUs from background levels at any one time when background levels are between 8 and 80 NTUs. Should not increase
more than 10% of background levels when background is > 80 NTUs.

MHuman activities should not cause the salinity (expressed as parts per thousand [%o]) of marine and estuarine waters to fluctuate by more than
10% of the natural level expected at that time and depth. Note Interim guideline.



TABLE F-3: METAL CONCENTRATIONS IN GROUNDWATER

Parameter ‘ Unit | GCbwaQ CCME Sample 1 GS2
Sample Date| Freshwater Marine 29/06/2015 | 02/07/2015
Aluminum (Al) ug/L 100° 5 or 100° - - 6.8
Antimony (Sb) ug/L 6 - - - <1.0
Arsenic (As) ug/L 10 5 125 - 3.9
Barium (Ba) ug/L 1000 - - - 290
Beryllium (Be) ug/L NG - - - <1.0
Bismuth (Bi) ug/L NG - - - <2.0
Boron (B) ug/L 5000 1500 - - <50
Cadmium (Cd) ug/L 5 0.26% 0.12 - <0.010
Calcium (Ca) ug/L NG - - 49000 53000
Chromium (Cr) ug/L 50 1/8.97 1.5/56" - <1.0
Cobalt (Co) ug/L NG - - - <0.40
Copper (Cu) ug/L 1000° 3.91° 48 <2.0 <2.0
Iron (Fe) ug/L 300 ¢ 300 - 170 <50
Lead (Pb) ug/L 10 6.72" - - <0.5
Magnesium (Mg) ug/L NG - - 14000 16000
Manganese (Mn) ug/L 50¢ - - 45 42
Molybdenum (Mo) ug/L NG 73 - - <2.0
Nickel (Ni) ug/L NG 149.4' - - <2.0
Phosphorus (P) uglL NG >100= - - 150
hyper-eutrophic

Potassium (K) ug/L NG - - 720 660
Selenium (Se) ug/L 50 1 - - <1.0
Silver (Ag) ug/L NG 0.1 - - <0.10
Sodium (Na) ug/L 200,000 © - - 44,000 36000
Strontium (Sr) ug/L NG - - - 1100
Thallium (T1) ug/L NG 0.8 - - <0.10
Tin (Sn) ug/L NG - - - <2.0
Titanium (Ti) ug/L NG - - - <2.0
Uranium (U) ug/L 20 15 - - 1.2
Vanadium (V) ug/L NG - - - <2.0
Zinc (Zn) ug/L 5000 © 30 - 16 <5.0
Notes:

ug/L: micrograms per litre

NG: No guideline available

GCDWAQ: Health Canada Guidelines for Canadian Drinking Water Quality (Health Canada, August 2012)
CCME: Canadian Council of Ministers of Environment Water Quality Guidelines for the Protection of Aquatic Life
Concentration exceeds GCDWQ

Ci i ds the CCME Guideline for Fresh or Marine Aquatic Life

ASample was analyzed for Total Metals

B Guidelines for aluminum apply only to drinking water treatment plants using aluminum-based coagulants and are therefore not

applicable to groundwater samples collected from the on-site well.
C Guideline is an Aesthetic Objective (AO) and is not a health-based guideline.
P=5ug/L if pH < 6.5; = 100 pg/L if pH

EThe CWQG for cadmium (i.e. long-term guideline) of 0.09 pg-L-1 is for waters of 50 mg CaCO 4-L-1 hardness.
The CWQG for cadmium is related to water hardness (as CaCO3):

When the water hardness is > 0 to < 17 mg/L, the CWQG is 0.04 pg/L

Atiaml=e380 mg/L, the CWQG is calculated using this equation (see calculator below)

CWQG (uglL) = 101083(oatharchess) -2.46)

At hardness > 280 mg/L, the CWQG is 0.37 pg/L

FGuidelines are for hexavalent (Cr(V1)) and trivalent chromium (Cr(lll)), respectively.

®The CWQG for copper is related to water hardness (as CaCO ;):

When the water hardness is 0 to < 82 mg/L, the CWQG is 2 ug/L

ABhaodeER8 mg/L the CWQG s calculated using this equation (see calculator below)
CWQG (ug/L) = 0.2 * g {0-854siin(haraness)-1.465)

At hardness >180 mg/L, the CWQG is 4 pg/L

If the hardness is unknown, the CWQG is 2 pg/L

"The CWQG for lead is related to water hardness (as CaCO j):
Woemitr: hitel RSQIS std. pg/L

AtlBardnglésth6 CYBQG is calculated using this equation (see calculator below)
CWQG (ug/L)= {1-273lIn(hardness)]-4.705)

At hardness >180 mg/L, the CWQG is 7 pg/L

If the hardness is unknown, the CWQG is 1 pg/L

'The CWQG for nickel is related to water hardness (as CaCO j):
Weemitp: whee CNEQIBes 2 gt

AtlIBardnglésthebCYBQG is calculated using this equation (see calculator below)
CWQG (uglL) = & {076lIn(hardness)}+1.06}

At hardness >180 mg/L, the CWQG is 150 ug/L

If the hardness is unknown, the CWQG is 25 pg/L

Canadian Guidance Framework for Phosphorus is for developing phosphorus guidelines ( does not provide guidance on other
freshwater nutrients). It provides Trigger Ranges for Total Phosphorus ( pg/L) (see Guidance Framework for Phosphorus

factsheet):
ultra-oligotrophic <4
oligotrophic 4-10
mesotrophic 10-20
meso-eutrophic 20-35
eutrophic 35-100
hyper-eutrophic >100
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A Bureau Verllas Group Company

Attention:Elaine Sullivan

Geothermal Solutions
54 Vineyard Dr
Paradise, NL

CANADA AlL 3W5

MAXXAM JOB #: B5C8754
Received: 2015/07/03, 09:43

Sample Matrix: Water
# Samples Received: 1

Analyses

Site Location:  GREIG SEAFOODS MARYSTOWN

Your C.O.C. #: B 153519

CERTIFICATE OF ANALYSIS

Date

Quantity Extracted

Date

Analyzed Laboratory Method

Report Date: 2015/07/10
Report #: R3569413
Version: 1 - Final

Reference

Carbonate, Bicarbonate and Hydroxide (1)
Alkalinity (1)

Chloride (1)

Colour (1)

Conductance - water (1)

Hardness (calculated as CaCO3) (1)
Metals Water Total MS (1)

lon Balance (% Difference) (1)

Anion and Cation Sum (1)

Nitrogen Ammonia - water (1)
Nitrogen - Nitrate + Nitrite (1)

pH (1, 2)

Phosphorus - ortho (1)

Sat. pH and Langelier Index (@ 20C) (1)
Sat. pH and Langelier Index (@ 4C) (1)
Reactive Silica (1)

Sulphate (1)

Total Dissolved Solids (TDS calc) (1)
Organic carbon - Total (TOC) (1, 3)
Turbidity (1)

1

PR R R R R R R R R R R R R R R R R B

N/A
N/A
N/A
N/A
N/A
N/A
2015/07/07
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

2015/07/10 N/A
2015/07/07 ATL SOP 00013
2015/07/09 ATL SOP 00014
2015/07/08 ATL SOP 00020
2015/07/09 ATL SOP 00004
2015/07/09 ATL SOP 00048
2015/07/09 ATL SOP 00058
2015/07/10

2015/07/10

2015/07/08 ATL SOP 00015
2015/07/09 ATL SOP 00016
2015/07/09 ATL SOP 00003
2015/07/08 ATL SOP 00021
2015/07/10 ATL SOP 00049
2015/07/10 ATL SOP 00049
2015/07/08 ATL SOP 00022
2015/07/09 ATL SOP 00023
2015/07/09

2015/07/08 ATL SOP 00037
2015/07/10 ATL SOP 00011

SM 22 4500-CO2 D
EPA 310.2 R1974 m
SM 22 4500-CI- Em
SM 22 2120Cm

SM 22 2510B m

SM 22 23408B

EPA 6020A R1 m
Auto Calc.

Auto Calc.

EPA 350.1 R2m
USGS SOPINCF0452.2 m
SM 22 4500-H+ B m
EPA 365.2 m

Auto Calc.

Auto Calc.

EPA 366.0 m

EPA 375.4 R1978 m
Auto Calc.

SM 22 5310Cm
EPA 180.1 R2 m

“pon

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Bedford

(2) The APHA Standard Method require pH to be analyzed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH analyses in this

report are reported past the APHA Standard Method holding time.

(3) TOC / DOC present in the sample should be considered as non-purgeable TOC / DOC.
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A Bureau Verllas Group Company

Attention:Elaine Sullivan

Geothermal Solutions
54 Vineyard Dr
Paradise, NL

CANADA AlL 3W5

MAXXAM JOB #: B5C8754
Received: 2015/07/03, 09:43

Encryption Key

Site Location:  GREIG SEAFOODS MARYSTOWN
Your C.O.C. #: B 153519

Report Date: 2015/07/10
Report #: R3569413
Version: 1 - Final

CERTIFICATE OF ANALYSIS

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Keri Mackay, Project Manager - Bedford
Email: kmackay@maxxam.ca
Phonett (902)420-0203 Ext:294

This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),

signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Total Cover Pages : 2
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A Bureau Verllas Group Company

Maxxam Job #: B5C8754 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFOODS MARYSTOWN

ATLANTIC RCAP TOTAL METALS IN WATER (WATER)

Maxxam ID AOB999
Sampling Date 2015/06/29
COC Number B 153519

Units [ SAMPLE 1 | RDL | QC Batch
Calculated Parameters
Anion Sum me/L 5.62 N/A | 4092060
Bicarb. Alkalinity (calc. as CaCO3) | mg/L 120 1.0 | 4092057
Calculated TDS mg/L 310 1.0 | 4092063
Carb. Alkalinity (calc. as CaCO3) mg/L 1.1 1.0 | 4092057
Cation Sum me/L 5.57 N/A | 4092060
Hardness (CaCO3) mg/L 180 1.0 | 4092058
lon Balance (% Difference) % 0.450 N/A | 4092059
Langelier Index (@ 20C) N/A 0.350 4092061
Langelier Index (@ 4C) N/A 0.101 4092062
Saturation pH (@ 20C) N/A 7.65 4092061
Saturation pH (@ 4C) N/A 7.90 4092062
Inorganics
Total Alkalinity (Total as CaCO3) mg/L 120 25 | 4094585
Dissolved Chloride (Cl) mg/L 110 1.0 | 4094590
Colour TCU ND 5.0 | 4094593
Nitrate + Nitrite mg/L 0.38 0.050| 4094596
Nitrogen (Ammonia Nitrogen) mg/L 0.056 0.050| 4094520
Total Organic Carbon (C) mg/L ND 0.50 | 4096103
Orthophosphate (P) mg/L ND 0.010| 4094594
pH pH 8.00 N/A | 4098117
Reactive Silica (Si02) mg/L 7.6 0.50 | 4094592
Dissolved Sulphate (SO4) mg/L 7.0 2.0 | 4094591
Turbidity NTU 5.9 0.10 | 4100238
Conductivity uS/cm 570 1.0 | 4098121
Metals
Total Calcium (Ca) ug/L 49000 100 | 4092997
Total Copper (Cu) ug/L ND 2.0 | 4092997
Total Iron (Fe) ug/L 170 50 [ 4092997
Total Magnesium (Mg) ug/L 14000 100 | 4092997
Total Manganese (Mn) ug/L 45 2.0 | 4092997
Total Potassium (K) ug/L 720 100 | 4092997
Total Sodium (Na) ug/L 44000 100 | 4092997
Total Zinc (Zn) ug/L 16 5.0 | 4092997
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
ND = Not detected
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A Bureau Verllas Group Company

Maxxam Job #: B5C8754 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFOODS MARYSTOWN

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 6.7°C

Results relate only to the items tested.
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A Bureau Verllas Group Company

Maxxam Job #: B5C8754
Report Date: 2015/07/10

Geothermal Solutions
GREIG SEAFOODS MARYSTOWN

Site Location:

QUALITY ASSURANCE REPORT

QA/QC Date
Batch Init  QCType Parameter Analyzed Value Recovery Units QC Limits
4092997 BAN Matrix Spike Total Calcium (Ca) 2015/07/09 96 % 80-120
Total Copper (Cu) 2015/07/09 99 % 80-120
Total Iron (Fe) 2015/07/09 105 % 80-120
Total Magnesium (Mg) 2015/07/09 104 % 80-120
Total Manganese (Mn) 2015/07/09 101 % 80-120
Total Potassium (K) 2015/07/09 103 % 80-120
Total Sodium (Na) 2015/07/09 105 % 80-120
Total Zinc (Zn) 2015/07/09 100 % 80-120
4092997 BAN Spiked Blank Total Calcium (Ca) 2015/07/09 97 % 80-120
Total Copper (Cu) 2015/07/09 101 % 80-120
Total Iron (Fe) 2015/07/09 106 % 80-120
Total Magnesium (Mg) 2015/07/09 105 % 80-120
Total Manganese (Mn) 2015/07/09 104 % 80-120
Total Potassium (K) 2015/07/09 104 % 80-120
Total Sodium (Na) 2015/07/09 108 % 80-120
Total Zinc (Zn) 2015/07/09 101 % 80-120
4092997 BAN Method Blank Total Calcium (Ca) 2015/07/09 ND, ug/L
RDL=100
Total Copper (Cu) 2015/07/09 ND, ug/L
RDL=2.0
Total Iron (Fe) 2015/07/09 ND, ug/L
RDL=50
Total Magnesium (Mg) 2015/07/09 ND, ug/L
RDL=100
Total Manganese (Mn) 2015/07/09 ND, ug/L
RDL=2.0
Total Potassium (K) 2015/07/09 ND, ug/L
RDL=100
Total Sodium (Na) 2015/07/09 ND, ug/L
RDL=100
Total Zinc (Zn) 2015/07/09 ND, ug/L
RDL=5.0
4094520 ARS Matrix Spike Nitrogen (Ammonia Nitrogen) 2015/07/08 NC % 80-120
4094520 ARS Spiked Blank Nitrogen (Ammonia Nitrogen) 2015/07/08 105 % 80-120
4094520 ARS Method Blank Nitrogen (Ammonia Nitrogen) 2015/07/08 ND, mg/L
RDL=0.050
4094520 ARS RPD Nitrogen (Ammonia Nitrogen) 2015/07/08 4.3 % 25
4094585 MCN Matrix Spike Total Alkalinity (Total as CaCO3) 2015/07/07 97 % 80-120
4094585 MCN Spiked Blank Total Alkalinity (Total as CaCO3) 2015/07/07 102 % 80-120
4094585 MCN Method Blank Total Alkalinity (Total as CaCO3) 2015/07/07 ND, mg/L
RDL=5.0
4094585 MCN RPD Total Alkalinity (Total as CaCO3) 2015/07/07 NC % 25
4094590 MCN Matrix Spike Dissolved Chloride (Cl) 2015/07/09 105 % 80-120
4094590 MCN QC Standard Dissolved Chloride (Cl) 2015/07/09 106 % 80-120
4094590 MCN Spiked Blank Dissolved Chloride (Cl) 2015/07/09 110 % 80-120
4094590 MCN Method Blank Dissolved Chloride (Cl) 2015/07/09 ND, mg/L
RDL=1.0
4094590 MCN RPD Dissolved Chloride (Cl) 2015/07/09 4.6 % 25
4094591 ARS Matrix Spike Dissolved Sulphate (SO4) 2015/07/09 111 % 80-120
4094591 ARS Spiked Blank Dissolved Sulphate (SO4) 2015/07/09 98 % 80-120
4094591 ARS Method Blank Dissolved Sulphate (504) 2015/07/09 ND, mg/L
RDL=2.0
4094591 ARS RPD Dissolved Sulphate (SO4) 2015/07/09 NC % 25
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A Bureau Verllas Group Company

Maxxam Job #: B5C8754
Report Date: 2015/07/10

Geothermal Solutions
GREIG SEAFOODS MARYSTOWN

Site Location:

QUALITY ASSURANCE REPORT(CONT'D)

QA/QC Date
Batch Init  QCType Parameter Analyzed Value Recovery Units QC Limits

4094592 ARS Matrix Spike Reactive Silica (Si02) 2015/07/08 98 % 80-120
4094592 ARS Spiked Blank Reactive Silica (Si02) 2015/07/08 100 % 80-120
4094592 ARS Method Blank Reactive Silica (Si02) 2015/07/08 ND, mg/L

RDL=0.50
4094592 ARS RPD Reactive Silica (Si02) 2015/07/08 NC % 25
4094593 NRG Spiked Blank Colour 2015/07/08 100 % 80-120
4094593 NRG Method Blank Colour 2015/07/08 ND, TCU

RDL=5.0

4094593 NRG RPD Colour 2015/07/08 NC % 20
4094594 NRG Matrix Spike Orthophosphate (P) 2015/07/08 97 % 80-120
4094594 NRG Spiked Blank Orthophosphate (P) 2015/07/08 99 % 80-120
4094594 NRG Method Blank Orthophosphate (P) 2015/07/08 ND, mg/L

RDL=0.010
4094594 NRG RPD Orthophosphate (P) 2015/07/08 NC % 25
4094596 ARS Matrix Spike Nitrate + Nitrite 2015/07/09 100 % 80-120
4094596 ARS Spiked Blank Nitrate + Nitrite 2015/07/09 96 % 80-120
4094596 ARS Method Blank Nitrate + Nitrite 2015/07/09 ND, mg/L

RDL=0.050
4094596 ARS RPD Nitrate + Nitrite 2015/07/09 NC % 25
4096103 MCY Matrix Spike Total Organic Carbon (C) 2015/07/08 100 % 80-120
4096103 MCY Spiked Blank Total Organic Carbon (C) 2015/07/08 100 % 80-120
4096103 MCY Method Blank Total Organic Carbon (C) 2015/07/08 ND, mg/L

RDL=0.50
4096103 MCY RPD Total Organic Carbon (C) 2015/07/08 5.7 % 20
4098117 KSR QC Standard pH 2015/07/09 101 % 97 -103
4098117 KSR RPD pH 2015/07/09 0.13 % N/A
4098121 KSR Spiked Blank Conductivity 2015/07/09 103 % 80-120
4098121 KSR Method Blank Conductivity 2015/07/09 1.1, uS/cm

RDL=1.0

4098121 KSR RPD Conductivity 2015/07/09 0.28 % 25
4100238 KSR QC Standard Turbidity 2015/07/10 96 % 80-120
4100238 KSR Method Blank Turbidity 2015/07/10 ND, NTU

RDL=0.10
4100238 KSR RPD Turbidity 2015/07/10 0.92 % 25

N/A = Not Applicable
Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method
accuracy.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method
accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the
spiked amount was too small to permit a reliable recovery calculation (matrix spike concentration was less than 2x that of the native sample
concentration).

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD
calculation (one or both samples < 5x RDL).
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A Bureau Verllas Group Company

Maxxam Job #: B5C8754 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFOODS MARYSTOWN

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

. 3 0 )
S ru\,j&x \/\\L\m /\_‘L\M_,?

=

Mike MacGillivray, Scientific Specialist (Inorganics)

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.

Page 7 of 7

Maxxam Analytics International Corporation o/a Maxxam Analytics 49-55 Elizabeth Ave, Suite 101A, St.John's, NL, Canada A1A 1W9 Tel: 709-754-0203 Toll Free: 888-492-7227 Fax: 709-754-8612 www.maxxamanalytics.com



I\/Ia)()(am

A Bureau Verllas Group Company

Attention:Elaine Sullivan

Geothermal Solutions
54 Vineyard Dr
Paradise, NL

CANADA AlL 3W5

MAXXAM JOB #: B5C9180
Received: 2015/07/03, 09:42

Sample Matrix: Water
# Samples Received: 1

Analyses

Site Location:  GREIG SEAFARMS-MARYSTOWN

Your C.O.C. #: B 111807

CERTIFICATE OF ANALYSIS

Date

Quantity Extracted

Date

Analyzed Laboratory Method

Report Date: 2015/07/10
Report #: R3569418
Version: 1 - Final

Reference

Carbonate, Bicarbonate and Hydroxide (1)
Alkalinity (1)

Chloride (1)

Colour (1)

Conductance - water (1)

Hardness (calculated as CaCO3) (1)
Metals Water Total MS (1)

lon Balance (% Difference) (1)

Anion and Cation Sum (1)

Nitrogen Ammonia - water (1)
Nitrogen - Nitrate + Nitrite (1)
Nitrogen - Nitrite (1)

Nitrogen - Nitrate (as N) (1)

pH (1, 2)

Phosphorus - ortho (1)

Sat. pH and Langelier Index (@ 20C) (1)
Sat. pH and Langelier Index (@ 4C) (1)
Reactive Silica (1)

Sulphate (1)

Total Dissolved Solids (TDS calc) (1)
Organic carbon - Total (TOC) (1, 3)
Turbidity (1)

1

PR R R R R R R R R R R RRRERRRRER B

N/A
N/A
N/A
N/A
N/A
N/A
2015/07/07
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

2015/07/10 N/A
2015/07/08 ATL SOP 00013
2015/07/09 ATL SOP 00014
2015/07/08 ATL SOP 00020
2015/07/09 ATL SOP 00004
2015/07/09 ATL SOP 00048
2015/07/08 ATL SOP 00058
2015/07/10

2015/07/10

2015/07/08 ATL SOP 00015
2015/07/09 ATL SOP 00016
2015/07/08 ATL SOP 00017
2015/07/09 ATL SOP 00018
2015/07/09 ATL SOP 00003
2015/07/08 ATL SOP 00021
2015/07/10 ATL SOP 00049
2015/07/10 ATL SOP 00049
2015/07/08 ATL SOP 00022
2015/07/09 ATL SOP 00023
2015/07/09

2015/07/06 ATL SOP 00037
2015/07/10 ATL SOP 00011

SM 22 4500-CO2 D
EPA 310.2 R1974 m
SM 22 4500-CI- Em
SM 22 2120Cm

SM 22 2510B m

SM 22 23408B

EPA 6020A R1 m
Auto Calc.

Auto Calc.

EPA 350.1 R2m
USGS SOPINCF0452.2 m
SM 22 4500-NO2-B m
ASTM D3867

SM 22 4500-H+ B m
EPA 365.2 m

Auto Calc.

Auto Calc.

EPA 366.0 m

EPA 375.4 R1978 m
Auto Calc.

SM 22 5310Cm
EPA 180.1 R2 m

“pon

Reference Method suffix “m” indicates test methods incorporate validated modifications from specific reference methods to improve performance.

* RPDs calculated using raw data. The rounding of final results may result in the apparent difference.

(1) This test was performed by Maxxam Bedford

(2) The APHA Standard Method require pH to be analyzed within 15 minutes of sampling and therefore field analysis is required for compliance. All Laboratory pH analyses in this

report are reported past the APHA Standard Method holding time.

(3) TOC/ DOC present in the sample should be considered as non-purgeable TOC / DOC.
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A Bureau Verllas Group Company

Attention:Elaine Sullivan

Geothermal Solutions
54 Vineyard Dr
Paradise, NL

CANADA AlL 3W5

MAXXAM JOB #: B5C9180
Received: 2015/07/03, 09:42

Encryption Key

Site Location:  GREIG SEAFARMS-MARYSTOWN
Your C.O.C. #: B 111807

Report Date: 2015/07/10
Report #: R3569418
Version: 1 - Final

CERTIFICATE OF ANALYSIS

Please direct all questions regarding this Certificate of Analysis to your Project Manager.

Keri Mackay, Project Manager - Bedford
Email: kmackay@maxxam.ca
Phonett (902)420-0203 Ext:294

This report has been generated and distributed using a secure automated process.
Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC 17025:2005(E),

signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFARMS-MARYSTOWN

ATLANTIC RCAP-MS TOTAL METALS IN WATER (WATER)

Maxxam ID AOE091
A 2015/07/02

Sampling Date Oézls/
COC Number B 111807

Units GS2 RDL [ QC Batch
Calculated Parameters
Anion Sum me/L 5.73 N/A | 4092060
Bicarb. Alkalinity (calc. as CaCO3) | mg/L 130 1.0 | 4092057
Calculated TDS mg/L 310 1.0 | 4092063
Carb. Alkalinity (calc. as CaCO3) mg/L 1.1 1.0 | 4092057
Cation Sum me/L 5.56 N/A | 4092060
Hardness (CaCO3) mg/L 200 1.0 | 4092058
lon Balance (% Difference) % 1.51 N/A | 4092059
Langelier Index (@ 20C) N/A 0.368 4092061
Langelier Index (@ 4C) N/A 0.119 4092062
Nitrate (N) mg/L 0.52 0.050| 4092065
Saturation pH (@ 20C) N/A 7.60 4092061
Saturation pH (@ 4C) N/A 7.85 4092062
Inorganics
Total Alkalinity (Total as CaCO3) mg/L 130 25 | 4094598
Dissolved Chloride (Cl) mg/L 110 1.0 | 4094600
Colour TCU ND 5.0 | 4094604
Nitrate + Nitrite mg/L 0.52 0.050| 4094606
Nitrite (N) mg/L ND 0.010| 4094607
Nitrogen (Ammonia Nitrogen) mg/L ND 0.050| 4094528
Total Organic Carbon (C) mg/L ND 0.50 | 4093199
Orthophosphate (P) mg/L ND 0.010| 4094605
pH pH 7.96 N/A | 4098124
Reactive Silica (Si02) mg/L 7.5 0.50 | 4094603
Dissolved Sulphate (SO4) mg/L 6.7 2.0 | 4094601
Turbidity NTU 0.60 0.10 | 4100286
Conductivity uS/cm 590 1.0 | 4098125
Metals
Total Aluminum (Al) ug/L 6.8 5.0 | 4094129
Total Antimony (Sb) ug/L ND 1.0 | 4094129
Total Arsenic (As) ug/L 3.9 1.0 | 4094129
Total Barium (Ba) ug/L 290 1.0 | 4094129
Total Beryllium (Be) ug/L ND 1.0 | 4094129
Total Bismuth (Bi) ug/L ND 2.0 | 4094129
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
N/A = Not Applicable
ND = Not detected
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFARMS-MARYSTOWN

ATLANTIC RCAP-MS TOTAL METALS IN WATER (WATER)

Maxxam ID AOE091
Sampling Date 201(%?175/02
COC Number B 111807

Units GS2 RDL | QC Batch
Total Boron (B) ug/L ND 50 | 4094129
Total Cadmium (Cd) ug/L ND 0.010| 4094129
Total Calcium (Ca) ug/L 53000 100 | 4094129
Total Chromium (Cr) ug/L ND 1.0 | 4094129
Total Cobalt (Co) ug/L ND 0.40 | 4094129
Total Copper (Cu) ug/L ND 2.0 | 4094129
Total Iron (Fe) ug/L ND 50 [ 4094129
Total Lead (Pb) ug/L ND 0.50 | 4094129
Total Magnesium (Mg) ug/L 16000 100 | 4094129
Total Manganese (Mn) ug/L 42 2.0 | 4094129
Total Molybdenum (Mo) ug/L ND 2.0 | 4094129
Total Nickel (Ni) ug/L ND 2.0 | 4094129
Total Phosphorus (P) ug/L 150 100 | 4094129
Total Potassium (K) ug/L 660 100 | 4094129
Total Selenium (Se) ug/L ND 1.0 | 4094129
Total Silver (Ag) ug/L ND 0.10 | 4094129
Total Sodium (Na) ug/L 36000 100 | 4094129
Total Strontium (Sr) ug/L 1100 2.0 | 4094129
Total Thallium (TI) ug/L ND 0.10 | 4094129
Total Tin (Sn) ug/L ND 2.0 | 4094129
Total Titanium (Ti) ug/L ND 2.0 | 4094129
Total Uranium (U) ug/L 1.2 0.10 | 4094129
Total Vanadium (V) ug/L ND 2.0 | 4094129
Total Zinc (Zn) ug/L ND 5.0 | 4094129
RDL = Reportable Detection Limit
QC Batch = Quality Control Batch
ND = Not detected
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFARMS-MARYSTOWN

GENERAL COMMENTS

Each temperature is the average of up to three cooler temperatures taken at receipt

Package 1 13.1°C

Results relate only to the items tested.
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180
Report Date: 2015/07/10

Geothermal Solutions
Site Location:

QUALITY ASSURANCE REPORT

GREIG SEAFARMS-MARYSTOWN

QA/QC Date
Batch Init QCType Parameter Analyzed Value Recovery Units QC Limits

4093199 MCY Matrix Spike Total Organic Carbon (C) 2015/07/06 105 % 80-120

4093199 MCY Spiked Blank Total Organic Carbon (C) 2015/07/06 99 % 80-120

4093199 MCY Method Blank Total Organic Carbon (C) 2015/07/06 ND, mg/L

RDL=0.50

4093199 MCY RPD Total Organic Carbon (C) 2015/07/06 NC % 20

4094129 MLB Matrix Spike Total Aluminum (Al) 2015/07/08 103 % 80-120
Total Antimony (Sb) 2015/07/08 112 % 80-120
Total Arsenic (As) 2015/07/08 100 % 80-120
Total Barium (Ba) 2015/07/08 103 % 80-120
Total Beryllium (Be) 2015/07/08 102 % 80-120
Total Bismuth (Bi) 2015/07/08 105 % 80-120
Total Boron (B) 2015/07/08 112 % 80-120
Total Cadmium (Cd) 2015/07/08 104 % 80-120
Total Calcium (Ca) 2015/07/08 97 % 80-120
Total Chromium (Cr) 2015/07/08 96 % 80-120
Total Cobalt (Co) 2015/07/08 97 % 80-120
Total Copper (Cu) 2015/07/08 95 % 80-120
Total Iron (Fe) 2015/07/08 102 % 80-120
Total Lead (Pb) 2015/07/08 102 % 80-120
Total Magnesium (Mg) 2015/07/08 103 % 80-120
Total Manganese (Mn) 2015/07/08 101 % 80-120
Total Molybdenum (Mo) 2015/07/08 107 % 80-120
Total Nickel (Ni) 2015/07/08 96 % 80-120
Total Phosphorus (P) 2015/07/08 107 % 80-120
Total Potassium (K) 2015/07/08 106 % 80-120
Total Selenium (Se) 2015/07/08 100 % 80-120
Total Silver (Ag) 2015/07/08 106 % 80-120
Total Sodium (Na) 2015/07/08 NC % 80-120
Total Strontium (Sr) 2015/07/08 104 % 80-120
Total Thallium (Tl) 2015/07/08 104 % 80-120
Total Tin (Sn) 2015/07/08 109 % 80-120
Total Titanium (Ti) 2015/07/08 102 % 80-120
Total Uranium (U) 2015/07/08 109 % 80-120
Total Vanadium (V) 2015/07/08 97 % 80-120
Total Zinc (Zn) 2015/07/08 96 % 80-120

4094129 MLB Spiked Blank Total Aluminum (Al) 2015/07/08 108 % 80-120
Total Antimony (Sb) 2015/07/08 110 % 80-120
Total Arsenic (As) 2015/07/08 101 % 80-120
Total Barium (Ba) 2015/07/08 103 % 80-120
Total Beryllium (Be) 2015/07/08 103 % 80-120
Total Bismuth (Bi) 2015/07/08 104 % 80-120
Total Boron (B) 2015/07/08 114 % 80-120
Total Cadmium (Cd) 2015/07/08 104 % 80-120
Total Calcium (Ca) 2015/07/08 98 % 80-120
Total Chromium (Cr) 2015/07/08 99 % 80-120
Total Cobalt (Co) 2015/07/08 100 % 80-120
Total Copper (Cu) 2015/07/08 99 % 80-120
Total Iron (Fe) 2015/07/08 104 % 80-120
Total Lead (Pb) 2015/07/08 103 % 80-120
Total Magnesium (Mg) 2015/07/08 106 % 80-120
Total Manganese (Mn) 2015/07/08 104 % 80-120
Total Molybdenum (Mo) 2015/07/08 105 % 80-120
Total Nickel (Ni) 2015/07/08 99 % 80-120
Total Phosphorus (P) 2015/07/08 108 % 80-120
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180
Report Date: 2015/07/10

Geothermal Solutions
GREIG SEAFARMS-MARYSTOWN

Site Location:

QUALITY ASSURANCE REPORT(CONT'D)

QA/QC Date
Batch Init QCType Parameter Analyzed Value Recovery Units QC Limits
Total Potassium (K) 2015/07/08 105 % 80-120
Total Selenium (Se) 2015/07/08 101 % 80-120
Total Silver (Ag) 2015/07/08 109 % 80-120
Total Sodium (Na) 2015/07/08 101 % 80-120
Total Strontium (Sr) 2015/07/08 104 % 80-120
Total Thallium (Tl) 2015/07/08 103 % 80-120
Total Tin (Sn) 2015/07/08 107 % 80-120
Total Titanium (Ti) 2015/07/08 104 % 80-120
Total Uranium (U) 2015/07/08 110 % 80-120
Total Vanadium (V) 2015/07/08 100 % 80-120
Total Zinc (Zn) 2015/07/08 98 % 80-120
4094129 MLB Method Blank Total Aluminum (Al) 2015/07/08 ND, ug/L
RDL=5.0
Total Antimony (Sb) 2015/07/08 ND, ug/L
RDL=1.0
Total Arsenic (As) 2015/07/08 ND, ug/L
RDL=1.0
Total Barium (Ba) 2015/07/08 ND, ug/L
RDL=1.0
Total Beryllium (Be) 2015/07/08 ND, ug/L
RDL=1.0
Total Bismuth (Bi) 2015/07/08 ND, ug/L
RDL=2.0
Total Boron (B) 2015/07/08 ND, ug/L
RDL=50
Total Cadmium (Cd) 2015/07/08 ND, ug/L
RDL=0.010
Total Calcium (Ca) 2015/07/08 ND, ug/L
RDL=100
Total Chromium (Cr) 2015/07/08 ND, ug/L
RDL=1.0
Total Cobalt (Co) 2015/07/08 ND, ug/L
RDL=0.40
Total Copper (Cu) 2015/07/08 ND, ug/L
RDL=2.0
Total Iron (Fe) 2015/07/08 ND, ug/L
RDL=50
Total Lead (Pb) 2015/07/08 ND, ug/L
RDL=0.50
Total Magnesium (Mg) 2015/07/08 ND, ug/L
RDL=100
Total Manganese (Mn) 2015/07/08 ND, ug/L
RDL=2.0
Total Molybdenum (Mo) 2015/07/08 ND, ug/L
RDL=2.0
Total Nickel (Ni) 2015/07/08 ND, ug/L
RDL=2.0
Total Phosphorus (P) 2015/07/08 150, ug/L
RDL=100
Total Potassium (K) 2015/07/08 ND, ug/L
RDL=100
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180
Report Date: 2015/07/10

Geothermal Solutions
GREIG SEAFARMS-MARYSTOWN

Site Location:

QUALITY ASSURANCE REPORT(CONT'D)

QA/QC Date
Batch Init  QCType Parameter Analyzed Value Recovery Units QC Limits
Total Selenium (Se) 2015/07/08 ND, ug/L
RDL=1.0
Total Silver (Ag) 2015/07/08 ND, ug/L
RDL=0.10
Total Sodium (Na) 2015/07/08 ND, ug/L
RDL=100
Total Strontium (Sr) 2015/07/08 ND, ug/L
RDL=2.0
Total Thallium (T1) 2015/07/08 ND, ug/L
RDL=0.10
Total Tin (Sn) 2015/07/08 ND, ug/L
RDL=2.0
Total Titanium (Ti) 2015/07/08 ND, ug/L
RDL=2.0
Total Uranium (U) 2015/07/08 ND, ug/L
RDL=0.10
Total Vanadium (V) 2015/07/08 ND, ug/L
RDL=2.0
Total Zinc (Zn) 2015/07/08 ND, ug/L
RDL=5.0
4094129 MLB RPD Total Aluminum (Al) 2015/07/08 1.8 % 20
4094528 ARS Matrix Spike Nitrogen (Ammonia Nitrogen) 2015/07/08 90 % 80-120
4094528 ARS Spiked Blank Nitrogen (Ammonia Nitrogen) 2015/07/08 104 % 80-120
4094528 ARS Method Blank Nitrogen (Ammonia Nitrogen) 2015/07/08 ND, mg/L
RDL=0.050
4094528 ARS RPD Nitrogen (Ammonia Nitrogen) 2015/07/08 NC % 25
4094598 MCN Matrix Spike Total Alkalinity (Total as CaCO3) 2015/07/08 NC % 80-120
4094598 MCN Spiked Blank Total Alkalinity (Total as CaCO3) 2015/07/07 100 % 80-120
4094598 MCN Method Blank Total Alkalinity (Total as CaCO3) 2015/07/07 ND, mg/L
RDL=5.0
4094598 MCN RPD Total Alkalinity (Total as CaCO3) 2015/07/08 0.74 % 25
4094600 MCN Matrix Spike Dissolved Chloride (Cl) 2015/07/09 NC % 80-120
4094600 MCN QC Standard Dissolved Chloride (Cl) 2015/07/09 105 % 80-120
4094600 MCN Spiked Blank Dissolved Chloride (Cl) 2015/07/09 106 % 80-120
4094600 MCN Method Blank Dissolved Chloride (Cl) 2015/07/09 ND, mg/L
RDL=1.0
4094600 MCN RPD Dissolved Chloride (Cl) 2015/07/09 0.017 % 25
4094601 ARS Matrix Spike Dissolved Sulphate (SO4) 2015/07/09 NC % 80-120
4094601 ARS Spiked Blank Dissolved Sulphate (SO4) 2015/07/09 100 % 80-120
4094601 ARS Method Blank Dissolved Sulphate (SO4) 2015/07/09 ND, mg/L
RDL=2.0
4094601 ARS RPD Dissolved Sulphate (SO4) 2015/07/09 1.5 % 25
4094603 ARS Matrix Spike Reactive Silica (Si02) 2015/07/08 97 % 80-120
4094603 ARS Spiked Blank Reactive Silica (Si02) 2015/07/08 99 % 80-120
4094603 ARS Method Blank Reactive Silica (Si02) 2015/07/08 ND, mg/L
RDL=0.50
4094603 ARS RPD Reactive Silica (Si02) 2015/07/08 NC % 25
4094604 NRG Spiked Blank Colour 2015/07/08 104 % 80-120
4094604 NRG Method Blank Colour 2015/07/08 ND, TCU
RDL=5.0
4094604 NRG RPD Colour 2015/07/08 NC % 20
4094605 NRG Matrix Spike Orthophosphate (P) 2015/07/08 96 % 80-120
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180
Report Date: 2015/07/10

Geothermal Solutions
GREIG SEAFARMS-MARYSTOWN

Site Location:

QUALITY ASSURANCE REPORT(CONT'D)

QA/QC Date
Batch Init  QCType Parameter Analyzed Value Recovery Units QC Limits
4094605 NRG Spiked Blank Orthophosphate (P) 2015/07/08 99 % 80-120
4094605 NRG Method Blank Orthophosphate (P) 2015/07/08 ND, mg/L
RDL=0.010
4094605 NRG RPD Orthophosphate (P) 2015/07/08 NC % 25
4094606 ARS Matrix Spike Nitrate + Nitrite 2015/07/09 97 % 80-120
4094606 ARS Spiked Blank Nitrate + Nitrite 2015/07/09 99 % 80-120
4094606 ARS Method Blank Nitrate + Nitrite 2015/07/09 ND, mg/L
RDL=0.050
4094606 ARS RPD Nitrate + Nitrite 2015/07/09 NC % 25
4094607 NRG Matrix Spike Nitrite (N) 2015/07/08 97 % 80-120
4094607 NRG Spiked Blank Nitrite (N) 2015/07/08 104 % 80-120
4094607 NRG Method Blank Nitrite (N) 2015/07/08 ND, mg/L
RDL=0.010
4094607 NRG RPD Nitrite (N) 2015/07/08 NC % 25
4098124 KSR QC Standard pH 2015/07/09 101 % 97 -103
4098124 KSR RPD pH 2015/07/09 0.65 % N/A
4098125 KSR Spiked Blank Conductivity 2015/07/09 106 % 80-120
4098125 KSR Method Blank Conductivity 2015/07/09 1.2, uS/cm
RDL=1.0
4098125 KSR RPD Conductivity 2015/07/09 0.80 % 25
4100286 KSR QC Standard Turbidity 2015/07/10 94 % 80-120
4100286 KSR Method Blank Turbidity 2015/07/10 ND, NTU
RDL=0.10
4100286 KSR RPD Turbidity 2015/07/10 0.34 % 25

N/A = Not Applicable

Duplicate: Paired analysis of a separate portion of the same sample. Used to evaluate the variance in the measurement.
Matrix Spike: A sample to which a known amount of the analyte of interest has been added. Used to evaluate sample matrix interference.

QC Standard: A sample of known concentration prepared by an external agency under stringent conditions. Used as an independent check of method
accuracy.

Spiked Blank: A blank matrix sample to which a known amount of the analyte, usually from a second source, has been added. Used to evaluate method
accuracy.

Method Blank: A blank matrix containing all reagents used in the analytical procedure. Used to identify laboratory contamination.

NC (Matrix Spike): The recovery in the matrix spike was not calculated. The relative difference between the concentration in the parent sample and the
spiked amount was too small to permit a reliable recovery calculation (matrix spike concentration was less than 2x that of the native sample
concentration).

NC (Duplicate RPD): The duplicate RPD was not calculated. The concentration in the sample and/or duplicate was too low to permit a reliable RPD
calculation (one or both samples < 5x RDL).
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A Bureau Verllas Group Company

Maxxam Job #: B5C9180 Geothermal Solutions
Report Date: 2015/07/10 Site Location: GREIG SEAFARMS-MARYSTOWN

VALIDATION SIGNATURE PAGE

The analytical data and all QC contained in this report were reviewed and validated by the following individual(s).

. 3 0 )
S ru\,j&x \/\\L\m /\_‘L\M_,?

=

Mike MacGillivray, Scientific Specialist (Inorganics)

Maxxam has procedures in place to guard against improper use of the electronic signature and have the required "signatories", as per section 5.10.2 of ISO/IEC
17025:2005(E), signing the reports. For Service Group specific validation please refer to the Validation Signature Page.
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RUN DATE: 06/07/15 LABORATORY NPR - EH **LIVE**

PAGE 1

RUN TIME: 1005 PUBLIC HEALTH LABORATORY REPORT - WATER SAMPLES

RUN USER: LABBKGJOB

LOCATION

LABORATORY MEDICINE REPORT
EASTERN HEALTH REGIONAL AUTHORITY
PUBLIC HEALTH LABORATORY

Name: CW,DS DRILLING SERVICES U#: S00000014811 hen:

pt Address: 4 HOPS STREET,CONCEPTION BAY SOUTH,NL A1W OE8 709-781-6038
BIRTHDATE: MATDEN / OTHER NAME:

Acct#: LL0O00956/15 Unit#: S00000014811Status: REG REF Location: PL-MISC . _
Reg: 02/07/15 “ Disch: Age/Sex: 1Y 00M/U Attend Dr: NL PUBRLIC HEALTH LABORA

Order Site: NEWFOUNDLAND PUBLIC HEALTH LAB

Specimen: 15:E0001763R Collected: 02/07/15-0620 Status: CoMP

r__/—f Collected by: U
Ordered: PRIVATE WATER

l Comments: SOURCE:MCGETTINGAN BLVD MARYSTOWN
LAB SITE: NFPHL
\ NL PUBLIC HEALTH LABORATORY

Req#: 16569625

Received: 02/07/15-1437 Source: WATER PRIV Sp Desc: DRILLED WE
Subm Dr: NL PUBLIC HEALTH LABORATORY

Procedure Result

Site

- [ENVIRONMENTAL PHL PRIVATE WAT
Total Coliforms Not Detected
E.coli Not Detected

PHL

@PHL - NEWFOUNDLAND PUBLIC HEALTH LAB
100 Forest Road, St John's, NL, AlR 4E5

Patient: CW,DS DRILLING SERVICES Age/Sex: 1Y 00M/U Acct#LL000956/15 Unit#5000000148
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Aquifer Testing Report, Grieg Seafarm NL Ltd., Marystown, NL (Final)

DS Drilling Services Ltd. '
Amec Foster Wheeler Project #: TF1563106 aQ

3 August 2015
'\
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LIMITATIONS fOSter
wheeler
1. The work performed in this report was carried out in accordance with the Standard Terms of

Conditions made part of our contract. The conclusions presented herein are based solely
upon the scope of services and time and budgetary limitations described in our contract.

2. The report was prepared in accordance with generally accepted hydrogeological study
and/or engineering practices for the exclusive use of DS Drilling Services Limited. No other
warranties, either expressed or implied, are made as to the professional services provided
under the terms of our contract and included in this report.

3. Third party information reviewed and used to develop the opinions and conclusions
contained in this report is assumed to be complete and correct. This information was used
in good faith and Amec Foster Wheeler Environment & Infrastructure does not accept any
responsibility for deficiencies, misinterpretation or incompleteness of the information
contained in documents prepared by third parties.

4. The services performed and outlined in this report were based, in part, upon visual
observations of the site and attendant structures. Our opinion cannot be extended to portions
of the site which were unavailable for direct observation, reasonably beyond our control.

5. The objective of this report was to assess hydrogeological properties at the site, within the
context of our contract and existing regulations within the applicable jurisdiction. Evaluating
compliance of past or future owners with applicable local, provincial and federal government
laws and regulations was not included in our contract for services.

6. Our observations relating to the condition of environmental media at the site are described
in this report. It should be noted that compounds or materials other than those described
could be present in the site environment.

7. The findings and conclusions presented in this report are based exclusively on the field
parameters measured and the chemical parameters tested at specific locations. It should be
recognized that subsurface conditions between and beyond the sample locations may vary.
Amec Foster Wheeler Environment & Infrastructure cannot expressly guarantee that
subsurface conditions between and beyond the sample locations do not vary from the results
determined at the sample locations. Notwithstanding these limitations, this report is believed
to provide a reasonable representation of site conditions at the date of issue.

Environment & Infrastructure amecfw.com
ISO 9001:2008 Quality Management System (St. John’s, NL)



DS Drilling Services Ltd.

Aquifer Testing Report, Grieg Seafarm NL Ltd., Marystown, NL (Final) '
Amec Foster Wheeler Project #: TF1563106 aQ
3 August 2015 A
damec
foster
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8. The contents of this report are based on the information collected during the monitoring and

investigation activities, our understanding of the actual site conditions, and our professional
opinion according to the information available at the time of preparation of this report. This
report gives a professional opinion and, by consequence, no guarantee is attached to the
conclusions or expert advice depicted in this report. This report does not provide a legal
opinion in regards to Regulations and applicable Laws.

9. Any use of this report by a third party and any decision made based on the information
contained in this report by the third party is the sole responsibility of the third party. Amec
Foster Wheeler Environment & Infrastructure will not accept any responsibility for damages
resulting from a decision or an action made by a third party based on the information
contained in this report.

Environment & Infrastructure amecfw.com
ISO 9001:2008 Quality Management System (St. John’s, NL)



DESCRIPTION
LandGazette No. BND8JQ
October 6, 2015
Revised: December 23, 2015

All that piece or parcel of land situate and being in the Town of Marystown, in the Provincial
Electoral District of Burin-Placentia West, in the Province of Newfoundland and Labrador,
abutted and bounded as follows, that is to say:

Beginning at a point in the southwesterly limit of Kaetlyn Osmond Drive, twenty meters wide,
the said point having grid coordinates, NAD 83, of North 5227013.799 meters and East
369775.081 meters for the Modified Three Degree Transverse Mercator Projection System for
the Province of Newfoundland and Labrador;

Thence along the said southwesterly limit of Kaetlyn Osmond Drive South sixty-two degrees
forty-six minutes zero zero seconds East eighty decimal six eight two meters;

Thence curving, concave to the north, along the southerly limit of Kaetlyn Osmond Drive for a
distance of one hundred ninety decimal three two six meters to a point, the said point being
distant one hundred seventy-nine decimal three zero two meters as measured on a bearing of
North eighty-three degrees zero nine minutes twenty seconds East from the last mentioned point;

Thence along the southeasterly limit of Kaetlyn Osmond Drive North forty-nine degrees zero
four minutes forty seconds East two hundred sixty-nine decimal two five nine meters;

Thence curving, concave to the southeast, along the southerly limit of Kaetlyn Osmond Drive for
a distance of thirty-four decimal six six two meters to a point, the said point being distant thirty-
four decimal six one three meters as measured on a bearing of North fifty-four degrees eighteen
minutes fourteen seconds East from the last mentioned point;

Thence along the sinuosities of the Ordinary High Water Mark for the Waters of Mortier Bay for
a distance of twenty-nine decimal two meters, more or less, to a point, the said point being
distant twenty-nine decimal zero zero five meters as measured on a bearing of South twenty-six
degrees thirty-seven minutes thirty-eight seconds West from the last mentioned point;

Thence through a Shoreline Reservation, fifteen meters wide, for the Waters of Mortier Bay
North seventy-seven degrees zero seven minutes forty-two seconds West fifteen decimal four
two three meters;

Thence along the sinuosities of the said Shoreline Reservation, fifteen meters wide, for the
Waters of Mortier Bay for a distance of five hundred decimal seven meters, more or less, to a
point, the said point being distant four hundred seventy-eight decimal seven nine one meters as
measured on a bearing of South fourteen degrees forty-three minutes fifteen seconds West from
the last mentioned point;

Thence along the sinuosities of a Shoreline Reservation, fifteen meters wide, for the Waters of
Jones Brook for a distance of five hundred eleven decimal six meters, more or less, to a point,
the said point being distant four hundred thirty-eight decimal seven four four meters as measured
on a bearing of North seventy degrees fifty-nine minutes twenty-seven seconds West from the
last mentioned point;

Thence along other land of the Town of Marystown North twenty-seven degrees fourteen
minutes zero zero seconds East one hundred eighty-one decimal seven nine seven meters, more
or less, to the point of beginning;

The above described piece or parcel of land being subject to a sewer system easement in favour
of the Town of Marystown, the said sewer system easement being abutted and bounded as
follows that is to say:

Beginning at a point in the southeasterly limit of Katelyn Osmond Drive, twenty meters wide,
the said point having grid coordinates, NAD 83, of North 5227160.883 meters and East



370212.451 meters for the modified Three Degree Transverse Mercator Projection System for
the Province of Newfoundland and Labrador;

Thence along the said southeasterly limit of Katelyn Osmond Drive North forty-nine degrees
zero four minutes forty seconds East twelve decimal two nine nine meters;

Thence through land to be acquired by Grieg NL Nurseries Ltd. South forty degrees nineteen
minutes thirty-eight seconds East eight decimal one five five meters;

Thence along the sinuocities of a Shoreline Reservation, fifteen meters wide, for the waters of
Mortier Bay, for a distance of seventeen decimal six six meters, more or less, to a point, the said
point being distant seventeen decimal five nine three meters as measured on a bearing of South
four degrees zero one minutes twenty-nine seconds West from the last mentioned point;

Thence through said land to be acquired by Grieg NL Nurseries Ltd. North forty degrees
nineteen minutes thirty-eight seconds West twenty decimal six zero seven meters, more or less to
the point of beginning;

The above described piece or parcel of land containing an area of ten decimal two two five nine
hectares, more or less, and being more particularly shown and delineated on the attached plan;

All bearings being referred to the central meridian of fifty-six degrees west longitude, zone two,
of the above mentioned projection system.

© Ian Edwards, NLS, 2015
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1. Credit Sheet

The HRIA of the Mortier Bay -North Atlantic Marine Service Center and right-of-way
between Route 210 and Powers Cove, NL. was conducted and reported upon by Mr.
Stephen Mills and Dr. James A. Tuck. Ms. Jackie McDonald was the project

conservator. The authors wish to acknowledge the assistance provided by Barry Gaulton
for scanning some of the images; Mr. Ken Reynolds of the Provincial Archaeology

Office for provided copies of the relevant archaeological reports and maps; and Mr.
Dennis Kelly, Town Manager for Marystown for providing assistance while in the field.
Thanks also to Mr. James Kelly and Mrs. Ernistine Kelly for sharing their recollections of
Powers Cove.

2. Management Summary

The HRIA of the area proposed for the Mortier Bay -North Atlantic Marine Service
Center and right-of-way between Route 210 and Powers Cove ‘was conducted in
September 2005. Historical research, informant interviews and archaeological survey
failed to uncover significant cultural resources within the impact area. The right-of-way
traverses a route that does not lend itself to settlement, or even sporadic habitation. Other
than a 150m long expanse of cobble beach, the area within Powers Cove is open to the
sea and doesn’t appear to provide protection from the north, south and easterly winds.
The area to the rear of the barrier beach at the front of the cove is primarily low-lying,
marshy and, no doubt, susceptible to inundation from heavy seas. The ground
surrounding the north and south approaches to the cove consists of near vertical cliff
faces ranging from three to fifteen or more metres in height. The lack of protection from
the elements, together with the wet, marshy environment of the cove itself were probably
primary factors in the lack of human settlement or even resource exploitation of this part
of Mortier Bay.

The HRIA did not uncover any reasons to delay construction of the Mortier Bay -
North Atlantic Marine Service Center in Powers Cove and the construction of an
access route to the cove from Route 210.
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4. Introductory Statement

Powers Cove is located on the west side of Mortier Bay, near the southwest tip of
Placentia Bay. It lies within the town boundaries of Marystown (Figures 1 and 2). The
Town of Marystown, proponent for the Mortier Bay -North Atlantic Marine Service
Center in Powers Cove, contracted Aardvark Archaeology Ltd. to conduct the Stage 1
Historic Resources Impact Assessment of the project. The development would see
construction of a 305m long wharf facility at Powers Cove, capable of servicing oil rigs
and offshore supply ships, and a 1.2 km long assess road from Route 210 and Powers
Cove (Figures 3 to 4). The width of the right-of-way for the access road is approximately
50m wide. The impact area at the north end of the cove, adjacent to the proposed wharf
is approximately 45m square.

The objectives and general scope of the HRIA were to research the cultural history of
Powers Cove through archival and archaeological survey to determine whether the North
Atlantic Marine Service Center would negatively impact cultural resources in the area.

Dr. James Tuck and Mr. Stephen Mills conducted the HRIA. Dr. Tuck holds a PhD in
archaeology, has over 40 years experience in the profession and has directed major
archaeological projects within Newfoundland and Labrador, in mainland Canada and the
United States. Dr. Tuck was the Head of the Archaeology Unit at Memorial University
from 1968 to 2005 and is currently Professor Emeritus at Memorial. Mr. Mills holds a
M.A. in archaeology and has 28 years experience in the archaeological profession. He
has directed archaeological projects in Newfoundland and Labrador, Quebec and Ontario.

The preliminary background research was carried out between September 22" and 23,
field reconnaissance was conducted on September 24™ and the historical review,
informant interviews and report writing carried out between September 26" and 27",
2005. '

The organization follows the guidelines set out by the Provincial Archaeology Office.
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Figure 1 Map of Mortier Bay showing Powers Cover (at left) with broken line
showing the right-of-way between Route 210 and Powers Cove. Map
courtesy of Ken Reynolds, Provincial Archaeology Office.
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Figure 3 Detail from Aerial photograph (#NF 8018-21) showing the study area
between Route 210 and Powers Cove. The right-of-way traverses in
Jrom Route 210 just to the right of the white building at the bottom
left side of the photograph.
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Figure 4 Topographic map of Powers Cove showing the study area in heavy
black line. Map courtesy of the Town of Marystown.



5. Proposed Development Project

The proposed Mortier Bay -North Atlantic Marine Service Center in Powers Cove is
designed to service ships and other offshore oil-related vessels through the construction
of a wharf facility accessed by a new road between Route 210 and Powers Cove.

6. Study Area

The study area included the 1.2 km by 50m right-of-way between Route 210 and Powers
Cove and the area within Powers Cove from the high water mark back approximately
45m back from the beach (Figures 3 and 4). Figures 5-9 show various views of the right-
of-way and Powers Cove taken during the assessment.

7. Methodology

Prior to conducting the field survey, a review of maps, aerial photographs, historical
references and archaeological reports was undertaken. Following the literature and
cartographic review, the entire study area was traversed on foot. Tree falls were
inspected for signs of cultural activity and test pits were judgementally dug along the
right-of-way and within Powers Cove.

8. Results
8.1 Archival Search

The literature and cartographic review indicated that Powers Cove has never been the
focus of intensive archaeological or historical study. Archaeological assessments have
been conducted previously in Mortier Bay in the 1980s, namely at Cow Head and
Spanish Room Point, located 3km northeast of Powers Cove (See Figure 1 for locations
of registered archaeological sites). These assessments produced limited evidence of pre-
contact and nineteenth-century habitations in those areas. The pre-contact evidence was
suggested by the discovery of seven chert flakes at Cow Head (ChAs-1) believed to be
associated with Recent Indian or Paleo-Eskimo use of the area (Penney 1984:10). Three
other sites in the same vicinity (ChAs-2, ChAs-3 and ChAs-4) produced wrought iron
nails, ceramics and other artifacts believed to be associated with occupations by
nineteenth-century settlers from Europe (Penney 1984:11-12). Another possible Recent
Indian camp site, represented by a minor flake scatter, was reported west of Marystown
in southwest Arm near Tides Brook (Tuck 1988). Native stone tools have also reportedly
been discovered on the shores of ponds in the Marystown area including one find at
Northwest Pond (CgAs-2), some 3km southeast of Powers Cove (Pers. Com. Ken
Reynolds). Shipwrecks have also been discovered in the Burin area, including one at
Great Burin Harbour (CgAt-2) (Ginns 1983) and another at Ship Cove (CgAt-4) (Skanes
1999).



In 1985, Gerald Penney prepared an evaluation of historical resources for this part of
Placentia Bay. Penney reported that, although fishers visited the area from southern
Europe since the sixteenth century, it was not until the nineteenth century that Irish
families settled in Mortier Bay (Penney 1985). Using various census documents and
other sources, from 1836 onwards, Penney was able to trace a gradual settlement of the
area to the late-twentieth century. Importantly, for this study, Penney did not uncover
any documents relating to settlement in Powers Cove.

8.2 Informant Interviews

The current HRIA included interviews with two residents of nearby Mooring Cove: Mr.
James Kelly (age 83) and his wife, Mrs. Ernistine Kelly (age 73). Mrs. Kelly was
familiar with the study area, but referred to her husband as the one who knew more about
the cove than most people. Mr. James Kelly has known Powers Cove since he was a
child growing up in Mooring Cove in the 1920s. He walked through Powers Cove to
attend school in Marystown for years beginning in 1929. When asked whether anyone
lived there, Mr. Kelly recalled that there were no houses in the cove, but some families,
including the Flahertys, kept cattle in meadows located some distance behind the cove,
towards Route 210. Regarding any activities in the area, the Kellys both recalled that
people only went to the area to pick berries and cut wood. Mr. Kelly added that wood-
cutting ceased in the area “about 20 years ago”. When asked why the cove was not used
in his lifetime, he responded that it was never suitable for either fishing or habitation
owing to its deep water and the lack of protection from winds. He also noted that when
storms hit the area, the sea would wash over the low barrier beach where the “road”
passed through the cove. Today, this “road” is a footpath not more than a few metres
wide. :

8.3 Archaeological Survey

The survey and test pitting within the study area failed to uncover evidence of any
cultural activity in the study area older than recent times. Two fire pits, containing
melted beer cans and other modern refuse were noted in Powers Cove. Five upright posts
were located within a few metres of one of these fire pits. It appears that these posts were
associated with a modern structure, perhaps some sort of tilt or other impermanent
building. Test pits around these posts did not produce artifacts. The only artifact noted
in over 40 test pits dug in Powers Cove was a 410-caliber shotgun shell from the sod
layer. It was not retrieved.



Figure 5

Typical section through the right-of-way, looking west. The water in the
foreground is just behind the barrier beach in Powers Cove.

The beach at Powers Cove looking north.
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Figure 7 The beach at Powers Cove looking south.

Figure 8 Test pitting on a terrace at the north end of Powers Cove
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Figure 9 Test pitting along the right-of-way, Powers Cove in the background.
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9. Evaluation and Discussion

Previous archaeological assessments and minor discoveries in the Mortier Bay area
indicated minor evidence of pre-contact occupation of the bay; however, rising sea levels
in this part of the province may have inundated sites from ancient occupations along the
shores. Historical documentation fails to mention any specific references to Powers
Cove. It appears that people choosing to settle the bay preferred coves with better
anchorage and more protection from the winds than Powers Cove could offer. Mooring
Cove and Marystown are less than a kilometre from Powers Cove and both these places
were chosen for settlement.

The absence of settlement in the Powers Cove study area, as suggested from the
informant’s interviews, is corroborated by a lack of historic or pre-contact cultural
resources from the archaeological survey. It is speculated that the reasons for this relate
to the wet, low-lying nature of the ground in the cove and most importantly, the lack of
protection from the elements. Although the aerial photographs of the area, taken in the
carly 1980s, show what appears to be a grassy area behind the barrier beach, upon
investigation, this area turned out to be wet and swampy and therefore uninhabitable.
The 1-1.5m high barrier beach surrounding the lowest part of the cove appeared to be no
match for heavy seas. This observation was confirmed by one of the informant’s
recollections of the seas frequently washing over the barrier during big storms. Similarly,
the study area bounded by the right-of-way between Route 210 and Powers Cove is a
combination of rocky, hilly and wet terrain that is also not conducive to settlement.

10. Recommendations

It is recommended that the development of the Mortier Bay -North Atlantic Marine
Service Center in Powers Cove proceed. It should be noted that, as the archacological
survey did not involve a total excavation of the study area, there is always a possibility
that evidence of past cultural activity could be uncovered. Should the construction
activity uncover artifacts or archaeological features, the Provincial Archaeological Office
should be notified immediately.
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Project Description

Introduction

AguaMaof Aquaculture Technologies is pleased to submit this proposal for the development of a
salmon hatchery, smoltification, and Atlantic salmon smolt growing facility. The proposal is based
upon general discussions on requirements for Grieg Nurseries NL project development. AquaMaof
is providing a full facility design that will enable production of 7 million smolt per year on a
production schedule that results in 300 gram smolt and large size smolt at 1.4 to 1.8 kg (Table 1).
The 300 gram smolt will be produced on a schedule to enable harvest of market fish from the cage
systems every month of the year. The large 1.4 kg smolt will enable harvest of market salmon after
one summer of growth in the sea cages, significantly reducing the production risk of winter months
at sea. The 1 million 1.4 kg smolt in November are smolt held in the land based growing system
primarily to enable continuous operation of the RAS.

Table 1. Facility annual smolt production schedule in 1000's.

Smolt size  April May June July October November
300

grams 1,000 1,000 1,000 1,000

1.0 kgs 1,000

1.5 kgs 500 1,000

1.8 kgs 500

The project is divided into three stages of production: the hatchery from egg through first feeding,
the smoltification from approximately 2.5 grams to 50 gram smolt, and nursery growing from 50
grams to 300 grams or 1.5 kg. The total facility is designed for low water use and optimum use of
electrical energy resulting in a low total cost of production.

Hatchery

Description and General Specifications

The hatchery capacity is designed to hold 2 monthly batches of salmon eggs. The batches resulting
in 300 gram smolt in April, May and June are each 1 million and the smolt batch for July is 3 million.



Therefore the hatchery capacity required is 4 million. Each batch of 1 million eggs requires 3 units of
Alvestad CompHatch 8-level systems (Table 2). The hatchery includes 4-1 million egg hatching
systems for a total of 12 CompHatch units. Each of the 1 million egg systems has an AquaMaof water
treatment system for two first-feeding tanks. The first-feeding tanks have a separate AquaMaof
water treatment system described below.

Table 2. Alvestad CompHatch specifications.

CompHatch

Capacity 360,000 roe / unit

Liters of water / minute 0.8 liter / liter roe

Water exchanges / hour 7to 12

Outer measurements Height 1750 mm,
length 1650 mm, depth
800 mm

Material Aluminum and plastic

Option Light proof cover

Water circulated through the CompHatch trays will flow into Alvestad Kube Hatch treatment systems
and recirculated through the trays. The hatchery will use 2 Kube hatch units to supply water
treatment for 12 CompHatch units (see Figure 1). Water temperature is maintained at the proper
set points from 8 C to 12 C with a heat exchanger. Specifications for the Kube hatch systems are
listed in Table 3.



Table 3. Alvestad Kube hatch specifications.

Kube Hatch 8000

Capacity 7 CompHatch units
Bioreactor 800 liters / min
Foam fractionator 800 liters / min
Hydrotech HT801 30 micron mesh
uv 40 mJ/cm2
Heating and cooling 8-12C

Degassing vacuum

Water circulation in KUBE®hatch

Figure 1. Diagram of water-flow through the hatching water treatment system (source Alvestad)

The first-feeding tanks are an AquaMaof 8 tank module with separate water treatment systems for
each 2 tanks. The AquaMaof tank module is comprised of the fish tank, solids separation settler,
biofilter, pumping sump, and ODS (oxygen dissolving system) (Table 4). There are also openings in
each tank into the harvest channel. This channel is used to move fry by swimming from the fish
tanks to the area adjacent to the fish transfer tank. Fry are then transferred by net from the
harvest channel into the fish transfer tank. The fish transfer tank is filled with nursery system water
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and when a batch of fry are moved into the nursery the water and fish are then transferred by

gravity flow from the hatchery transfer tank into the nursery. The fish transfer tank will be in a
separate room from the hatchery production system to aid in maintaining biosecurity between the
hatchery and nursery systems.

Table 4. Specifications of the tank system for each 1 million hatching unit.

Component Size Number
Water circulation pumps 75 m3/hour 2
Tank water exchange 26.5 minutes
AquaMaof solids settler 10m x3.8m 1
Biofilter 1I0mx3.4mx3m 1
Daily feed capacity 70 kg
Tanks 6.4m x 1.0m 2
AquaMaof ODS 75 m3/hr x 5m depth 2
Harvest channel Im x 10m 1

central heat

Water temperature control 8to12C pump

Process Concept Review

The hatchery system is designed for water recirculation rather than flow through, therefore
requires high quality water treatment. The hatching trays are standard Alvestad CompHatch
systems integrated with the Alvestad Kube hatch treatment system used in the salmon industry.
The water circulation rate is as suggested for this hatching system.

The first-feeding tank system is designed with 2 tanks for each egg hatching unit. This system is
temperature controlled ranging from 8 to 12 C and has the capability to feed 70 kg/day to the 1
million batch of fry at an average weight of 2.5 grams. This system includes the solids settlers
(Brentwood ACCU-PAC IFR 6036-36 inches of depth), trickling biofilter (also for degassing), oxygen
dissolving systems, and pumps. The trickling biofilter (Brentwood ACCU-PAC CF 1200 crossflow
media) has been selected to provide the highest level of degassing without vacuum and this
combined with the water circulation rate will result in carbon dioxide concentrations less than 10
mg/liter in the fish tanks. There is also a harvest channel for moving fish by swimming from each
tank to the fish transfer tank. Fry are netted from the harvest channel into the transfer tank to
avoid moving hatchery water into the nursery. The transfer tank is filled with water from the
nursery and then water and fish are gravity flowed from the hatchery into the nursery.



The hatchery building will be placed at an elevation on the property to allow for gravity movement

of fish and water from the hatchery to the nursery. The building will be a steel framed insulated
building (Table 5).

Table 5. Specifications for the hatchery building

Component Size Number
Dimensions 36 mx43m
Building height 6m
Office space 10 m2 1
Biosecure entrance / restroom 20 m2 1
Conference / break room 15 m2 1
HVAC 14 C production

Nursery

The nursery is designed to grow each of the 5 batches of smolt to 50 grams completing
smoltification and vaccination. The total growth time will be 4 months, therefore four batches of
smolt at various stages can be grown in the facility at one time.

Description and General Specifications

The nursery has 2 production modules with 11 large tanks and 4 small tanks (Table 7). Batches of 1
million fry will be stocked from the hatchery into the nursery in November, December, and January
of each year followed by a 3 million batch in February. Then the last batch of 1 million fry will be
stocked in July. This last batch will be sent to the land-based smolt growing facility in October.
These smolt will then be 1.3 kg in April and 1.8 kg in May for stocking into sea cages. These smolt
will then reach harvest size with only one summer and fall in the sea cages.

Each nursery tank will have tent type covers and lighted individually to control smoltification. The
lighting system will be installed at multiple water depths around the circumference of the tank
walls to provide uniform light throughout each tank preventing shadows. These lights have the
capability to simulate natural daylight including dusk and dawn gradual reductions and increases in
light intensity.



Table 7. Specifications for the smolt nursery facility.

Component Size Number
Water circulation pumps 1053 m3/hour 4
Pump for fish transfer tank 175 m3/hour 2
Tank water exchange 24 minutes
AguaMaof solids settler 12mx33m 2
Biofilter and gas stripping 1620 m3 x 6 m depth 2
Carbon dioxide maximum 15 mg/liter free CO2
Daily feed capacity 3032 kg
Maximum fish density 100 kg/m3
Tanks, large 10 m dia. x 1.8 m depth 11
Tanks, small 5m dia. x1.8 m depth 4
AguaMaof ODS 350 m3/hrx 15 m depth 12
AquaMaof ODS 88 m3/hr x 15 m depth 4
Harvest channel 1 m wide x 66 m long 1
Fish transfer tank 10 m dia. x 1.8 m depth 1
Denitrification / water reuse 20 m3/hour 1
Sludge discharge, 20% solids 0.25m3/day
Water discharge, fish tank water 25 liters/min annual average
Water temperature control 8to12C central

The process flow diagram is shown in Figure 2. This shows the water recirculation for 4210
m3/hour and 20 m3/hour through the water reuse and denitrification treatment process. This
represents 99.5% recirculation with 0.5% sent through the waste treatment process and returned
to the fish production system. The alkalinity adjustment buffer system will be used primarily during
startup phases. Once the total treatment system stabilizes most alkalinity will be returned to the
system through the bacterial processes inthe solids settler and the denitrification system.

The AquaMaof aquaculture recirculation system includes several design concepts that are
duplicate systems and some used only for emergencies. A summary the characteristics of the
AquaMaof design includes:

1. The total system is divided into independent production modules, should there be a
catastrophic factor that disables a single module then all other modules will remain in full
operation.

a. Multiple and independent fish production modules
b. Fish transfer channel to quickly move fish between modules

2. The water circulation system is installed in duplicate. Many designs have multiple pumps,

however piping can fail and few have duplicate water circulation systems.



a. Duplicate water pumps
b. Duplicate circulation piping systems
c. Duplicate valves

3. The oxygenation system has several points of duplication.

a. The main oxygenation is through the ODS with backup oxygen diffusers in each fish
production tank

b. The oxygen pipe delivery system is duplicated, the main oxygen supply and the
emergency supply. Either pipe system can be used for regular or emergency oxygen
supply changing with control valves.

c. The main oxygen supply is from an oxygen generator with liquid oxygen tank backup
for when the oxygen generator is offline for maintenance or there is a disruption in
the electrical supply. There are duplicate liquid oxygen tanks as backup for each
other in the event of disrupted plumbing failure on one.

Electricity supply.

a. The main electric supply has a diesel or natural gas stand-by electric generation
system that automatically starts with any disruption to the public electric supply.

b. The electric transformers are duplicated such that the duplicated water pumps are on
separate electric transformers.

Should total electric supply disruption occur (both the main public supply and internal
backup supply) all electrically supplied water circulation will then be disrupted. The
following tertiary non-mechanical systems will engage. This mode of operation can be
maintained as long as sufficient liquid oxygen can be supplied. Two LOX tanks with 25 tons
of oxygen is sufficient for 5 hours of operation. In this emergency mode all feeding is
stopped.

a. Emergency oxygen diffusers will automatically operate in each fish production tank.

b. The AquaMaof ODS units will automatically go into reverse flow mode and using
the main oxygen supply as an air lift to circulate water and strip CO2 within each fish
production tank.

There are 3 solid waste settlers for each fish production module. Any one of these settlers
can be removed from operation and the module will continue to function normally.

There is 1 large CIFT biofilter for each module, overcapacity in the CIFT biofilter is such
that it can operate in sections and continue to function normally with any selected portion out
of service.

Should there be a disruption to all three settlers of a module or a full disruption of the CIFT
biofilter there is a water by-pass that enables the recirculation system and oxygenation
system to continue operation. This can also be used should fish treatments be necessary that
could damage the biological community of the biofilter and water by-pass is necessary.
Overcapacity is built into the modules such that should it be necessary to remove one
complete module from operation, water can then be by-passed to the two remaining modules
and the overall system will continue to function normally during all months except February,
March, April, and May. During these months of high fish biomass feed quantities will need
to be reduced to enable safe operation.



The nursery building will be constructed downgrade from the hatchery building and will be an

insulated steel-frame building (Table 8). Smolt will be transferred from the nursery to the land
based smolt growing facility by gravity flow from the nursery fish transfer tank. The nursery fish
transfer tank is located in a separate room of the nursery facility and smolt are transferred into the
transfer through a dewatering grate that returns nursery water back to the nursery. The fish
transfer tankis filled with land based facility water.
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Figure 2. Process flow for Nursery & Smolt.

Table 8. Specifications for the nursery building.

Dimensions 56 mx80m 1
Building height 6m

Office space 10 m2 2
Biosecure entrance / restroom 20 m2 1
Conference / break room 15 m2 1
HVAC 14 C production
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Process Concept Review

The proposed system design is AquaMaof’s standard design adapted for salmon smolt production
which includes the recirculation pump, ODS, fish production tank, solids settler, controlled
intermittent flow trickling (CIFT) biofilter (which includes CO2 gas stripping), and harvest channel.
Smolt growth will require 4 months from 2.5 grams to 50 grams. After 2 months of growth the fish
will be redistributed in the tanks to maintain less than 81 kg/m3 fish biomass for this first 2 months
of smolt growth.

The water circulation system is designed for a single pumping step to complete the recirculation.
These pumps are submerged vertical turbine type pumps. These pumps provide high efficiency
pumping (80% or greater) at 9.4 meters of head. The recirculated water flows from the pump into
the ODS (oxygen dissolving system).

The ODS is designed to provide high dissolved oxygen concentration with a small amount of
pumped head pressure (about 0.3 m head pressure). Improved dissolving of oxygen can be
attained with the following methods: 1) increase of water pressure where oxygen bubbles are
dispersed; 2) increase of residence time of oxygen bubbles in the water; 3) oxygen gas bubble size,
smaller bubbles result in more gas to water surface area; and 4) water temperature, colder water
results in higher oxygen concentrations at 100% saturation and warmer water results in faster
dissolving rate. The ODS obtains the increased pressure with the column of water and injection of
the oxygen gas near the bottom of the column, thereby attaining higher water pressure without
costly pumping. The residence time for allowing the oxygen bubbles to dissolve is attained in the
ODS by creating a flow of water counter to the flow of oxygen bubbles. The AquaMaof ODS allows
for low head requirement for dissolving oxygen and attaining oxygen concentrations sufficient to
eliminate oxygen concentration as a limiting factor in design of water flow volume. This ODS design
has capability to attain oxygen concentrations up to 40 mg/liter, which is an over design safety
factor to assure oxygen will never be a limiting factor for the fish and capability to maintain above
90% saturation at all times.

Oxygenated water flows from the ODS directly into the fish production tank with the water added
tangentially at the outer edge of the tank at a slight downward angle which creates circular water
flow in the tank and distributes water from near the surface to the tank floor. Circulated water
flow leaves the tank from the drain stand-pipe at the center of the tank. The stand-pipe is
perforated starting 30 cm from the tank bottom to the normal operating water level. This reduces
the potential for any full blockage or plugging of the exit screen.
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The fish tank is the first step in solids removal. The tank acts as a clarifier and has a drain trap

around and below the central drain pipe. This sediment trap collects settled solids that are moved
towards the center of the tank bottom by the circular water flow in the tank. This sediment trap is
not a continuous flow but is drained 1-2 times per day significantly reducing the amount of water
sent out with the settled solids. The settled solids and water in the trap are sent directly to the
water re-use treatment and is not part of the recirculation water flow. The main recirculation
water flows into the tank main drain pipe and directly into the solid waste settler distribution
channel via gravity with minimal turbulence or bends in the pipe.

The second step in the solids removal process is the solids settler with a design concept adapted
from the potable water industry used for removal of fine particulates. The settling basin is
rectangular with the floor sloped to a center drain. Water is evenly distributed across the basin
approximately 0.5 m above the floor from the distribution channel with pipes. A large portion of
the solids settle on the floor of the basin and water flows upward through the tube settler media
(Brentwood ACCU-PAC IFR 6036) and into water collection launderers and by gravity is distributed
through the spray nozzles of the CIFT biofilter. Solid waste accumulated in the settler basin and on
the settler media is periodically drained and washed from the media and basin into the discharge
waste treatment. The exact schedule depends upon solid waste loading and can range from once
every 4 days to once every 10 days.

There are several advantages of this solids removal process compared to other methods. First
there are no continuously moving parts that need maintenance or replacement. Second, this
method has capability to remove very fine particles compared to mechanical screen methods
which tend to increase the amount of fine particles. Third, this process will result in denitrification
when managed on a proper draining schedule. The schedule for cleaning is adjusted after several
months of operation to allow for stabilizing the denitrification process. The schedule will have
longer intervals between cleaning in the early phase of operation then a regular schedule will be
established which is in the range of 1 time per week.

The CIFT biofilter is the next step in the water recycle process. This is a trickling filter adapted for
stripping carbon dioxide from the water and using a controlled and intermittent water flow over
the media. The depth of media (Brentwood ACCU-PAC CF 1200) is 6 meters to provide maximum
nitrification (removal of ammonia) with a single pass of water flow. This depth also allows for
movement of carbon dioxide bound in the alkalinity buffer to free CO2 as the carbon dioxide
concentration is reduced in the water with counter flowing air. With this method we can strip
more mg/liter CO2 from the water than exists as free CO2 in the fish tanks. The hydraulic loading
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across the entire biofilter for CO2 stripping is 7.8 m3/hour/m2, an order of magnitude less than

hydraulic loadings typically used in CO2 stripping by other companies.

The hydraulic loading on the trickling filter is designed for the optimum wetting of all surfaces of
the biofilter media (14.6 m3/hour/m2). This loading is intermittent to obtain additional treatment
advantages. The use of air circulation through the biofilter from bottom to top of the media
provides all required oxygen for the bacterial processes and leaves the biofilter at near 100%
oxygen saturation. This ebm-papst axial flow fan provides air flow of 10 times more air volume
than water flow volume. The air flow is counter current to the water with air entering the base of
the CIFT biofilter and water entering through the spray nozzles at the top. The CIFT biofilter can
also be used for water temperature control when outside air temperature and humidity are
appropriate during many months of the year. If the culture water needs to be increased and
outside air temperature is higher than the water temperature then outside air is used to supply the
air fan. Also when outside humidity is low the trickling filter acts as a cooling tower. Because the
facility has low water exchange rate the normal requirement for temperature control in the system
water is cooling. This use for the CIFT biofilter reduces the electrical energy required for cooling
fish water. Advantages for the CIFT biofilter are:

1. Water temperature increase or decrease depending upon a controlled source of air flow,
inside building air or outside air. The CIFT biofilter can effectively be used as a cooling
tower.

2. Can be scaled to match any nitrification quantity required by changing depth, width, and
length dimensions with no change in the type of equipment used.

3. Use of solid cone spray pattern provides uniform optimal wetting of the media surfaces,
much better than drip pans or the use of perforated pipes.

4. Intermittent flow provides for more effective nitrification by allowing water to more fully
drain from the media surface before another water surge. This biological growth
phenomenon can be observed in natural water settings of wave action (intermittent wetting
or high energy areas) promoting increased biological growth.

5. Intermittent flow allows for more residence time on the media and time with thinner water
film improving CO2 stripping. Average daily hydraulic loading rate is an order of magnitude
less than normal CO2 strippers used in aquaculture applications.

6. Controlled intermittent water flow (control both the amount of time a nozzle is flowing and
the interval between flow cycles) enables development of a biofilter of any required
nitrification rate, maintain a specified media depth, and most importantly maintain optimum
hydraulic loading. Many traditional trickling filter designs cannot attain optimum hydraulic
loading with continuous flow regimes; the recirculation system water flow rate is not
sufficient to enable proper hydraulic loading because the square meter footprint area is too
large resulting in much less than optimum hydraulic loading. The water flow volume rate is
not sufficient to properly wet the bacterial surface area of the media.
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Requirements of the CIFT biofilter include:

1. Requires a larger footprint for construction, however this biofilter also provides for CO2
stripping, temperature control capabilities, and water storage pumping basin.

2. Requires water pumping energy to allow water to gravity flow through the media with the
counter current flow of air. Submerged biofilter design concepts require less energy for
pumping but increased energy for oxygenation, gas stripping, and mixing. The total energy
required for the complete recirculation cycle must be considered, and this is where the
combination of AquaMaof system components results in lower total energy required for
operation.

The water basin below the CIFT biofilter is used as a surge tank for holding a supply of water for
the total system, one third of the fish production tank volume. This allows for capacity to drain a
fish tank for harvest and retain all water in the operating system.

Waste water is drained from each tank secondary drain (from the sediment trap in the tank center)
and from the solid waste settlers directly to the waste treatment / denitrification system (Figure 2).
This water treatment system returns the water back to original quality standards. The process
includes sequencing batch reactors, decanting and solids settler, trickling biofilter for aeration and
gas stripping, followed by fluidized bed reactor, ozone, and UV. One day supply of new water is
held in storage for use as continuous addition or in larger quantities in a short time for refilling the
system. This one day supply of water will also ensure the facility will remain within the 300 liter per
minute regulated water use for the facility in case of any increase in water need.

The sequencing batch reactors are chosen because of the capability to process varying flow rates
and allow for control flexibility. The fluidized bed reactor and ozone are selected for final polishing
and breakdown of complex organic compounds that can build in aquaculture systems with very
low to no water exchange. UV treatment is the final step in the waste treatment and this assures
no residual ozone will reach fish production water. Waste water treatment is the only area where
ozone is required or used in the salmon production facility.

Land Based Smolt—Growing

The land based smolt growing facility is designed for growing smolt in seawater from 50 grams to
large smolt of 300 grams for stocking sea cages. There will be one batch of smolt that will be grown
to 1.3 to 1.4 kg for early spring stocking with the plan for attaining market size with one summer
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and fall of growth time. This significantly reduces the risk related to holding salmon over the winter

season in sea cages. Since this land based unit is best operated continuously to maintain the
biofilters, the plan is to hold some fish for later stocking dates which will result in some fish being
moved to seacages at 1 kg and 1.8 kg sizes.

Description and General Specifications

The land based smolt growing facility has 3 production modules with 18 tanks (Table 10). The smolt
will be grown for 3 months to reach 300 grams and be ready for stocking sea cages. This facility will
be lighted but follow normal seasonal light cycles to coincide with the day / night cycles of the sea
cages. The lighting system will be installed at multiple water depths around the circumference of
the tank walls to provide uniform light throughout each tank preventing shadows. These lights
have the capability to simulate natural daylight including dusk and dawn gradual reductions and
increases in light intensity.

Batches of smolt from the nursery will be stocked into the land based growing system in February,
March, April, May, and October. The last batch of smolt will then be 1.3 kg in April and 1.8 kg in
May for stocking into sea cages.

Table 10. Specifications for the land based smolt growing facility.

Component Size Number
Water circulation pumps 4417 m3/hour 6
Pump for fish transfer tank 735 m3/hour 2
Tank water exchange 51 minutes
AguaMaof solids settler 27 mx63m 3
Biofilter and gas stripping 5653 m3 x 6 m depth 3
Carbon dioxide maximum 15 mg/liter free CO2
Daily feed capacity 19,080 kg
Maximum fish density 91 kg/m3
Tanks 20 m dia. x4.3 m depth 18
AquaMaof ODS 491 m3/hrx 15 m depth 55
Harvest channel 1 m wide x 190 m long 1
Fish transfer tank 20 m dia. x4 m depth 1
Denitrification / water reuse 125 m3/hour 1
Sludge discharge, 20% solids 1 m3/day
Water discharge, fish tank water 175 liters/min annual average
Water temperature control 8to12C central
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The process flow diagram is shown in Figure 2, the same process concept as for the nursery. Water
recirculation in the land based smolt system is 26,500 m3/hour and 125 m3/hour through the
water reuse and denitrification treatment process. This represents 99.5% recirculation with 0.5%
sent through the waste treatment process and returned to the fish production system

approximately one day later. The alkalinity adjustment buffer system will be used primarily during

startup phases. Once the total treatment system stabilizes most alkalinity will be returned to the

system through the bacterial processes in the solids settler and the denitrification system.

The AquaMaof aquaculture recirculation system includes several design concepts that are

duplicate systems and some used only for emergency. A summary the characteristics of the

AguaMaof design includes:

1.

The total system is divided into independent production modules, should there be a
catastrophic factor that disables a single module then all other modules will remain in full
operation.

a. Multiple and independent fish production modules

b. Fish transfer channel to quickly move fish between modules

The water circulation system is installed in duplicate. Many designs have multiple pumps,
however piping can fail and few have duplicate water circulation systems.

a. Duplicate water pumps

b. Duplicate circulation piping systems

c. Duplicate valves

d. Multiple ODS units for each fish production tank

The oxygenation system has several points of duplication.

a. The main oxygenation is through the ODS with backup oxygen diffusers in each fish
production tank

b. The oxygen pipe delivery system is duplicated, the main oxygen supply and the
emergency supply. Either pipe system can be used for regular or emergency oxygen
supply changing with control valves.

c. The main oxygen supply is from an oxygen generator with liquid oxygen tank backup
for when the oxygen generator is offline for maintenance or there is a disruption in
the electrical supply. There are duplicate liquid oxygen tanks as backup for each
other in the event of disrupted plumbing failure on one.

Electricity supply.

a. The main electric supply has a diesel or natural gas stand-by electric generation
system that automatically starts with any disruption to the public electric supply.

b. The electric transformers are duplicated such that the duplicated water pumps are on
separate electric transformers.

Should total electric supply disruption occur (both the main public supply and internal
backup supply) all electrically supplied water circulation will then be disrupted. The
following tertiary non-mechanical systems will engage. This mode of operation can be
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maintained as long as sufficient liquid oxygen can be supplied. Two LOX tanks with 25 tons
of oxygen is sufficient for 5 hours of operation. In this emergency mode all feeding is
stopped.

a. Emergency oxygen diffusers will automatically operate in each fish production tank.

b. The AquaMaof ODS units will automatically go into reverse flow mode using the

main oxygen supply as an air lift to circulate water and strip CO2 within each fish
production tank.

There are 3 solid waste settlers for each fish production module. Any one of these settlers
can be removed from operation and the module will continue to function normally.
There is 1 large CIFT biofilter for each module, overcapacity in the CIFT biofilter is such
that it can operate in sections and continue to function normally with any selected portion out
of service.
Should there be a disruption to all three settlers of a module or a full disruption of the CIFT
biofilter there is a water by-pass that enables the recirculation system and oxygenation
system to continue operation. This can also be used should fish treatments be necessary that
could damage the biological community of the biofilter and water by-pass is necessary.
Overcapacity is built into the modules such that should it be necessary to remove one
complete module from operation, water can then be by-passed to the two remaining modules
and the overall system will continue to function normally during all months except October,
April, and May. During these months of high fish biomass feed quantities will need to be
reduced to enable safe operation.

The land based smolt growing building will be constructed downgrade from the nursery building
and will be an insulated steel frame building (Table 11). The fish transfer tank will be outside of the

land based growing facility and filled with seawater. Post smolt will be transferred over a

dewatering system prior to entering the transfer tank.

Table 11. Specifications for land based smolt growing building.

Component Size Number
Dimensions 100 m x 230 m 1
Building height 7m
Office space 10 m2 3
Biosecure entrance / restroom 40 m2 1
Conference / break room 40 m2 1
HVAC 14 C production

AquaMaof aquaculture production modules operate as independent systems in part for increased
biosecurity but also water temperature and salinity can be adjusted in each module. The AquaMaof system
is also uniquein that individual solid waste settlers can be taken off-line and the system continue to operate
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normally. The complete settler and biofilter can also be by-passed and taken out of the water recirculation if
necessary for special fish treatments.

In addition, any single tank can be taken off the recirculation system for special treatment for these fish
such as, medical treatments, a temperature adjustment for preparation of moving fish, or salinity
adjustments. The isolation and special water treatment for any single tank is accomplished by closing the
incoming water valves bringing system water to the tank and closing the tank drain pipe at the beginning of
the solids settler (slide gate valves located in the distribution channel). Then water is circulated through the
ODS unit in reverse flow direction using the air lift principle to create air lift in the center tube of the ODS
and water then flows from the ODS overflow into the tank with the water source being the normal tank
inlet pipe. Airis temporarily used to create this air lift water flow as well as strip CO2 from the water.
Oxygen can be supplied either from the emergency oxygen diffusers or in the ODS. If oxygen is used for the
air liftin the ODS then the air source is temporarily off. New water can be added and drained either to the
recirculation system or directly to the waste water treatment system. This concept can also be adapted for
depuration of fish if needed prior to marketing of full size fish.

Process Concept Review

The proposed system design is AquaMaof’s standard design adapted for salmon smolt production
which includes the recirculation pump, ODS, fish production tank, solids settler, controlled
intermittent flow trickling (CIFT) biofilter (which includes CO2 gas stripping), and harvest channel.
Smolt growth will require 3 months from 50 grams to 300 grams and 7 months to 1.3 kg. After 2, 4,
and 6 months of growth the fish will be redistributed in the tanks to maintain less than 100 kg/m3
fish biomass.

The water circulation system is designed for a single pumping step to complete the recirculation.
These pumps are submerged vertical turbine type pumps. The pumps provide high efficiency
pumping at 9.4 meters of head. The recirculated water flows from the pump into the ODS (oxygen
dissolving system).

The ODS is designed to provide high dissolved oxygen concentration with a small amount of
pumped head pressure (about 0.3 m head pressure). Improved dissolving of oxygen can be
attained with the following methods: 1) increase of water pressure where oxygen bubbles are
dispersed; 2) increase of residence time of oxygen bubbles in the water; 3) oxygen gas bubble size,
smaller bubbles result in more gas to water surface area; and 4) water temperature, colder water
results in higher oxygen concentrations at 100% saturation and warmer water results in faster
dissolving rate. The ODS obtains the increased pressure with the column of water and injection of
the oxygen gas near the bottom of the column, thereby attaining higher water pressure without
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costly pumping. The residence time for allowing the oxygen bubbles to dissolve is attained in the

ODS by creating a flow of water counter to the flow of oxygen bubbles. The AquaMaof ODS allows
for low head requirement for dissolving oxygen and attaining oxygen concentrations sufficient to
eliminate oxygen concentration as a limiting factor in design of water flow volume. This ODS design
has capability to attain oxygen concentrations up to 40 mg/liter, which is an over design safety
factor to assure oxygen will never be a limiting factor for the fish and capability to maintain above
90% saturation at all times.

Oxygenated water flows from the ODS directly into the fish production tank with the water added
tangentially at the outer edge of the tank at a slight downward angle which creates circular water
flow in the tank and distributes water from near the surface to the tank floor. There will be 3 ODS
for each tank and each ODS will discharge water at a different depth in the tank. Circulated water
flow leaves the tank from the drain stand-pipe at the center of the tank. The stand-pipe is
perforated starting 30 cm from the tank bottom upward to the normal operating water level. This
reduces the potential for any full blockage or plugging of the exit screen.

The fish tank is the first step in solids removal. The tank acts as a clarifier and has a drain trap
around and below the central drain pipe. This sediment trap collects settled solids that are moved
towards the center of the tank bottom by the circular water flow in the tank. This sediment trap is
not a continuous flow but is drained 1-2 times per day significantly reducing the amount of water
sent out with the settled solids. The settled solids and water in the trap are sent directly to the
water re-use treatment and is not part of the recirculation water flow. The main recirculation
water flows into the tank main drain pipe and directly into the solid waste settler distribution
channel via gravity with minimal turbulence or bends in the pipe.

The second step in the solids removal process is the solids settler, with a design concept adapted
from the potable water industry used for removal of fine particulates. The settling basin is
rectangular with the floor sloped to a center drain. Water is evenly distributed across the basin
approximately 0.5 m above the floor from the distribution channel with pipes. A large portion of
the solids settle on the floor of the basin and water flows upward through the tube settler media
(Brentwood ACCU-PAC IFR 6036) and into water collection launderers and by gravity is distributed
through the spray nozzles of the biofilter. Solid waste accumulated in the settler basin and on the
settler media is periodically drained and washed from the media and basin into the discharge
waste treatment. The exact schedule depends upon solid waste loading and can range from once
every 4 days to once every 10 days.
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There are several advantages of this solids removal process compared to other methods. First

there are no continuously moving parts that need maintenance or replacement. Second, this
method has capability to remove very fine particles compared to mechanical screen methods with
increase the amount of fine particles during the process of collecting larger particles. Third, this
settling process will result in denitrification when managed on a proper draining schedule. The
schedule for cleaning is adjusted after several months of operation to allow for stabilizing the
denitrification process. The schedule will have longer intervals between cleaning in the early phase
of operation then a regular schedule will be established which is inthe range of 1 time per week.

The CIFT biofilter is the next step in the water recycle process. This is a trickling filter adapted for
stripping carbon dioxide from the water and using a controlled and intermittent water flow over
the media. The depth of media (Brentwood ACCU-PAC CF 1200) is 6 meters to provide maximum
nitrification (removal of ammonia) with a single pass of water flow. This depth also allows for
movement of carbon dioxide bound in the alkalinity buffer to free CO2 as the carbon dioxide
concentration is reduced in the water with counter-current flowing air. With this method we can
strip more mg/liter of CO2 from the water than exists as free CO2 in the fish tanks. The hydraulic
loading across the entire biofilter for CO2 stripping is 7.8 m3/hour/m2, an order of magnitude less
than hydraulic loadings typically used in CO2 stripping by other companies.

The hydraulic loading on the trickling filter is designed for the optimum wetting of all surfaces of
the CIFT biofilter media (14.6 m3/hour/m2). This loading is intermittent to obtain additional
treatment advantages. The use of air circulation through the CIFT biofilter from bottom to top of
the media provides all required oxygen for the bacterial processes and leaves the biofilter at near
100% oxygen saturation. This Megafan axial flow fan provides air flow of 10 times more air volume
than water flow volume. The air flow is counter current to the water with air entering the base of
the trickling filter and water entering through the spray nozzles at the top. The biofilter can also be
used for water temperature control when outside air temperature and humidity are appropriate
during many months of the year. If the culture water needs to be increased and outside air
temperature is higher than the water temperature then outside air is used to supply the air fan.
Also when outside humidity is low the trickling filter acts as a cooling tower. Because the facility
has low water exchange rate the normal requirement for temperature control in the system water
is cooling. The CIFT biofilter reduces the electrical energy required for cooling fish water.
Advantages for the CIFT biofilter are:

1. Water temperature increase or decrease depending upon a controlled source of air flow,
inside building air or outside air. The CIFT biofilter can effectively be used as a cooling
tower.
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Can be scaled to match any nitrification quantity required by changing depth, width, and
length dimensions with no change in the type of equipment used.

Use of solid cone spray pattern provides uniform optimal wetting of the media surfaces,
much better than drip pans or the use of perforated pipes.

Intermittent flow provides for more effective nitrification by allowing water to more fully
drain from the media surface before another water surge. This biological growth
phenomenon can be observed in natural water settings of wave action (intermittent wetting
or high energy areas) promoting increased biological growth.

Intermittent flow allows for more residence time on the media and time with thinner water
film improving CO?2 stripping. Average daily hydraulic loading rate is an order of magnitude
less than normal CO2 strippers used in aquaculture applications.

Controlled intermittent water flow (control both the amount of time a nozzle is flowing and
the interval between flow cycles) enables development of a biofilter of any required
nitrification rate, maintain a specified media depth, and most importantly maintain optimum
hydraulic loading. Many traditional trickling filter designs cannot attain optimum hydraulic
loading with continuous flow regimes; the recirculation system water flow rate is not
sufficient to enable proper hydraulic loading because the square meter footprint area is too
large resulting in much less than optimum hydraulic loading. The water flow volume rate is
not sufficient to properly wet the bacterial surface area of the media.

Requirements of the CIFT biofilter include:

1.

2.

Requires a larger footprint for construction, however this biofilter also provides for CO2
stripping, temperature control capabilities, and water storage pumping basin.

Requires water pumping energy to allow water to gravity flow through the media with the
counter current flow of air. Submerged biofilter design concepts require less energy for
pumping but increased energy for oxygenation, gas stripping, and mixing. The total energy
required for the complete recirculation cycle must be considered, and this is where the
combination of AquaMaof system components results in lower total energy required for
operation.

The water basin below the CIFT biofilter is used as a surge tank for holding a supply of water for

the total system, a volume equal to the volume of 1 fish tank. This enables the operator to drain a
fish tank for harvest and retain all water in the operating system. If necessary the water levels in

each production tank can be adjusted up or down to store or make additional water available.

Waste water is drained from each tank secondary drain (from the sediment trap in the tank center)

and from the solid waste settlers directly to the waste treatment/ denitrification system (Figure 2).
This water treatment system returns the water back to original quality standards. The process

includes sequencing batch reactors, decanting and solids settler, trickling biofilter for aeration and

gas stripping, followed by fluidized bed reactor, ozone, and UV. One day supply of new water is
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held in storage for use as continuous addition or in larger quantities in a short time for refilling the

system. This one day supply of water will also ensure the facility will remain within the 300 liter per
minute regulated water use for the facility in case of any increase in water need.

The sequencing batch reactors are chosen because of the capability to process varying flow rates
and allow for control flexibility. The fluidized bed reactor and ozone are selected for final polishing
and breakdown of complex organic compounds that can build in aquaculture systems with very
low to no water exchange. UV treatment is the final step in the waste treatment and this assures
no residual ozone will reach fish production water. Waste water treatment is the only area where
ozone is required or used in the salmon production facility.

Control and Monitoring
Hatchery

Table 13. Monitoring and automatic control for the Hatchery.
Factor Monitored Controlled

Water temperature egg hatching X X
Sump water level egg hatching X X
Dissolved oxygen X X
ORP and pH X X
Pump water flow X X
UV lamp operation X X
Sump water level first feeding tanks X X
Dissolved oxygen first feeding tanks X X
Water temp first feeding tanks X X
Biofilter valves and tank water level X X
Room air temperature X X
Room humidity X X
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Nursery and Land Based Smolt Growing

Table 14. Monitoring and automatic control for the Nursery and Land Based Smolt.

Factor

Monitored

Controlled

Water temperature in each module
Room air temperature

Room humidity

Sump water level

Dissolved oxygen in each tank

Pump water flow

Biofilter valves and tank water level
ORP (used to regulate ozone) and pH
Ozone generation in waste treatment
UV lamp operation, waste treatment
Water levels in waste treatment
Dissolved oxygen waste treatment
Water temperature waste treatment
ORP & pH in waste treatment
Alkalinity

Total suspended solids

Nitrate

Nitrite

Hydrogen sulfide

Aeration blowers waste treatment
Pumps in waste treatment

>

X X X X X X X

X X X X X X X X X X X X

>

X X X X X X X X X X X X X

>
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Capital Cost

The project capital costs are separated into two major categories. AquaMaof technology cost and
all the civil works (site development, building, concrete, etc. costs). AquaMaof technology cost

includes aquaculture design, equipment, installation, and commissioning. The site development
cost in this proposal is an estimate and final costs will be determined only after the final design.
This category includes site civil engineering, site excavation, fencing, roads, building, and all

concrete structures (including fish tanks and water holding basins).

Description

Unit Price

UsD

Total USD

1. | Aquamaof scope (fixed price):

I. —Smolt Hatchery 2,545,000

Il —Salmon Smolt Nursery 8,747,000

Il —Salmon Smolt Land Based 30,380,000
2. | Subtotal 41,672,000
3. Buildings, Concrete, earth and all the civil works at

Site Preparations (estimated only):

l. —Smolt Hatchery 832,000

Il —Salmon Smolt Nursery 2,522,000

Il —Salmon Smolt Land Based 10,985,000
4. | Subtotal 14,399,000
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Total Project (estimated)

56,071,000

Site Layout and Design Concept Drawings

Introduction

The site is located with a down slope from the site entrance to the water front. The site plan is for
the fish to move down from the hatchery to the nursery, to the land based smolt growing, and

then to well boats for transporting to sea cages.
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Hatchery

Figure 3 Hatchery layout
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Land Based Smolt-Growing
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Design and Construction Schedule

Design, construction and growing schedule
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Appendix A-Equipment Specifications
Hatchery, Nursery, Land Based Smolt-Growing

Appendix A - Newfoundland Equipment predesign

Equipment

. building number size Specs Manufacture Model
specifications
P7035.180; 40KW,
Vertical turbine pump nursery 4 1,053 m3/hr 292.51/s 94 m column diameter 550
Flygt (Xylem) mm
. . P7065; 160KW, column
Vertical turbine pump smolt 6 4,418 m3/hr 1,227 /s 9.4 m .
Flygt (Xylem) diameter 800 mm
T must remove
UV inline treatment nursery 1 40 m3/hr 11.111/s | 90 kJ/cm?2 .
ozone Trojen - 06AS20
T must remove
UV inline treatment smolt 1 250 m3/hr 701/s 90 kJ/cm?2 )
ozone Trojen - 18AL40
Oxygen generator nursery 1 2,000 kg/day 3 bars Adsorptech USA E40-43
Oxygen generator smolt 1 11,000 kg/day 3 bars Adsorptech USA E210-43
CO2 air blowers hatchery 4 750 m3/hr 208.331l/s | 6 mm ebmpapst
CO2 air blowers nursery 4 10,530 m3/hr 2,9251/s 6 mm ebmpapst
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CO2 air blowers smolt 6 44,180 m3/hr 12,272 1/s | 6 mm Megafan
0OCS-GSO 40 generator
Ozone generator nursery 1 200 g/h 2 bars Wedeco (Xylem) only
OCS-GSO 40 generator
Ozone generator smolt 1 1,250 g/h 2 bars Wedeco (Xylem) only
L nursery .

Fluidized Bed Reactor o 1 20 m3/hr Aguaneering

denitrification

smolt
Fluidized Bed Reactor . 1 125 m3/hr Aguaneering

denitrification

. . - . head
Equipment specifications building number size Manufacture Model
pressure

Electrical generator hatchery 1 40 kW caterpillar
Electrical generator nursery 1 250 kw caterpillar
Electrical generator smolt 1 1500 kW caterpillar
Settler media all 5507 36 inch Brentwood
Bio-filter media all 20,533 CF-1200 Brentwood
Control System hatchery 1 Complete ET200S + Vuiniq

Siemens + Nave
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Cohen

Siemens + Nave

Control System nursery 1 Complete .
Cohen ET200S + Vuiniq
Siemens + Nave
Control System smolt 1 Complete .
Cohen $7-316 + ET200S + Vuiniq
Electrical technological Schneider Electric
. hatchery 1 Complete
cabinets componnets
Electrical technological Schneider Electric
] nursery 1 Complete
cabinets componnets
Electrical technological Schneider Electric
] smolt 1 Complete
cabinets componnets
ORP + PH hatchery 4 Hach Lange
ORP + PH for water re-use nursery 3 Hach Lange
ORP + PH for water re-use smolt 3 Hach Lange
nursery (+2000 /-2000
ORP Sensor o 5
denitrification mV) Hach Lange
smolt
ORP Sensor o 5
denitrification Hach Lange
Equipment building number size head Manufacture Model
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specifications pressure
Oxygen and temperature hatchery 12 Hach Lange
Oxygen and temperature nursery 15 Hach Lange
Oxygen and temperature smolt 18 Hach Lange
Oxygen/temp water re-use nursery 3 Hach Lange
Oxygen/temp water re-use smolt 3 Hach Lange
Oxygen and temperature nursery 4 0-20 ppm
ve P denitrification PP Hach Lange
0] dt t smolt 4 0-20
xygen and temperature - m
ve P denitrification PP Hach Lange
nursery
Oxygen and temperature R 4 0-70 ppm
denitrification Hach Lange
smolt
Oxygen and temperature o 4 0-70 ppm
denitrification Hach Lange
. nursery
Alkalinity Analyser 1 0-200 mg/I 0-2 bar
y y denitrification ¢/ Hach Lange
Alkalinity Anal smolt 1 0-200mg/l | 0-2b
alinity Analyser - m -2 bar
y y denitrification 8 Hach Lange
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nursery 0- 15000
TSS Sensor R 1 ]
denitrification mg/litter Partech
smolt 0- 15000
TSS Sensor o 1 .
denitrification mg/litter Partech
nursery 0-1000
NO3 - N sensor e 1 .
denitrification mg/litter Hach Lange
smolt 0-1000
NO3 - N sensor o 1 .
denitrification mg/litter Hach Lange
Equipment o . head
. building number size Manufacture Model
specifications pressure
nursery .
NO2 sensor R 1 0 - 50 mg/litter
denitrification
smolt .
NO2 sensor S 1 0 - 50 mg/litter
denitrification
Hydrogen sulfide (h2s) nursery 5 0.005- 2.0
analyser denitrification mg/litter ATI
Hydrogen sulfide (h2s) smolt 5 0.005-2.0
analyser denitrification mg/litter ATI
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Humidity & Temp Analysers | hatchery 2 10+50 Deg.C 0-100% rh Rotronic
hatchery 1 -25+50 Deg.C 0-100% rh Rotronic
nursery 1 10+50 Deg.C 0-100% rh Rotronic
nursery 1 -25+50 Deg.C 0-100% rh Rotronic
smolt 2 10+50 Deg.C 0-100% rh Rotronic
smolt 1 -25+50 Deg.C 0-100% rh Rotronic
:;(\\:vgrir;tilrozone el hatchery 24 Flowtech + Stubbe
nursery 48 Flowtech + Stubbe
smolt 95 Flowtech + Stubbe
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Equipment head
building number size Manufacture Model
specifications pressure
Level transmitter - Pressure | hatchery 1 0-6/0-10 m Siemens
nursery 2 0-6/0-10m Siemens
smolt 3 0-6/0-10 m Siemens
0-200,000 kg/h,
Magnetic flowmeter hatchery 1
8" Pipe Siemens
0 - 200,000 kg/h ,
nursery 1
12" Pipe Siemens
0 - 200,000 kg/h ,
smolt 2
12" Pipe Siemens
Pressure transmitter hatchery 4 Siemens
nursery 6 Siemens
smolt 9 Siemens
Temperature transmitter hatchery 1 PT-100 Siemens
nursery 2 PT-100 Siemens
smolt 3 PT-100 Siemens
CompHatch hatchery 12 Alvestad
Kube Hatch hatchery 2 Alvestad
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Appendix B-Equipment Brochures and Data Sheets

All relevant datasheets are available to view & download from the following link:

https://www.dropbox.com/s/kkOu3gufwclujfw/Appendix%20B%20-%20Datasheets.pdf?dl=0
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Appendix C-Company Profile
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Appendix D-AquaMaof System Descriptions

tanks.
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Concrete fish production tanks with dimensions designed for the specific production

capacity and stock management plan of each project. Interior walls are coated as
required for each fish species.
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AguaMaof oxygen dissolving system (ODS) showing duplicate water supply from the
pipes on lower portion. The duplicate water supply pipes are connected separately to
duplicate water pumps. The pipe extending to the top is for adding new water as
required. Oxygenated water flows from the ODS through the tank sidewall. The pipe
extending from the ODS over the tank sidewall is an overflow pipe.
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Example of water circulation pumps used in AquaMaof systems.
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Water circulation pumps can be coated with ceramic coating for stability in seawater
applications and also improving pumping efficiency.
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AquaMaof solid waste settler in operation. The pipes visible below the water surface are

the water collection pipes distributing water to the biofilter spray nozzles. Water
pressure for the spray nozzles is supplied by gravity flow.
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Entrance to fish production hall, biosecurity planning and design are important for
AquaMaof indoor aquaculture facilities.
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Biofilter spray nozzles distributing water over media of the trickling filter in a trout
production facility. Note the air blower for CO2 degassing at middle left side of biofilter.
Multiple blower fans supply water to an air space below the media stack. Technicians
adjusting the controls for water flow to the biofilter nozzles. View of the tube settler on

the far right that supplies water to the nozzles with gravity flow.
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1 Introduction

Grieg NL Seafarms Ltd. has contracted with DHI to undertake hydrographic surveys in connection
with application for establishment of new sites in Placentia Bay, Canada.

The hydrographic survey will be done in several steps. This report covers task undertaken in
December 2015 and includes:

. Current measurements
. CTD casts

The core delivery is the data collected. This report is a documentation of the work undertaken and
shows some examples of the data.
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2.1

211

M

Data collected

The present chapter provides an overview of the sites visited during the survey. Due to poor
weather conditions and a restricted time plan, profile and current data was not collected from the
Merasheen BMA.

These as well as additional profiles and longer current deployments will be conducted in January
and February 2016 when the additional current readings will be collected as requested by the DFO.

Rushoon BMA

Profile Data

Profiles of the water column at the centre of each site were conducted on the following dates, all
times are given in UTC.

Times of casts:

Oderin Island 1: 08 Dec 2015 16:50:30

Oderin Island 2: 09 Dec 2015 13:03:01

Gallows Harbour 1: 08 Dec 2015 17:21:10

Gallows Harbour 2: 09 Dec 2015 12:23:29

Long Island 1: 08 Dec 2015 15:51:02 - Not presented due to poor data quality
Long Island 2: 09 Dec 2015 14:34:44
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Rushoon BMA - Temperature Against Depth
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Rushoon BMA - Oxygen Against Depth
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Rushoon BMA - Fluorescence Against Depth
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Fluorescence readings from day 1 and Gallows Harbour on day 2 have been not been presented
due to poor data quality.

2.1.2 Current Data

To represent current in the Rushoon BMA area the ADCP was placed at the follow coordinates.

Latitude: 472 19.256’ N
Longitude: 54° 44.274’ W

The ADCP was deployed on the 8t of December 2015 at 15:30 UTC and recovered on the 9t of
December at 13:30 UTC.

Unfortunately the deployment depth exceeded the planned depth so current data is only collected
from 57m to 17m below sea level.
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2.2 Long Harbour BMA

2.2.1 Profile Data

Profiles of the water column at the centre of each site were conducted on the following dates, all
times are given in UTC.

Times of casts:

Brine Islands 1: 10 Dec 2015 12:49:26
Brine Islands 2: 11 Dec 2015 11:49:16
lona Islands 1: 10 Dec 2015 13:21:18
lona Islands 2: 11 Dec 2015 11:17:18
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Long Harbour BMA - Fluorescence Against Depth
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2.2.2 Current Data

To represent current in the Long Harbour BMA area the ADCP was placed at the follow coordinates.

Latitude: 47°27.168’ N
Longitude: 53° 58.899' W

The ADCP was deployed on the 10t of December 2015 at 12:30 UTC and recovered on the 11t of
December at 11:30 UTC.

Current data is collected from 20m to the surface.
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2.3.1

Depth [m]
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Red Island BMA

Profile Data

Profiles of the water column at the centre of each site were conducted on the following dates, all
times are given in UTC.

Times of casts:

Butler Island 1: 10 Dec 2015 15:18:35
Butler Island 2: 11 Dec 2015 15:24:07
Red Island 1: 10 Dec 2015 16:18:08
Red Island 2: 11 Dec 2015 14:39:36
Darby Harbour 1: 10 Dec 2015 17:09:44
Darby Harbour 2: 11 Dec 2015 13:55:00

Red Island BMA - Temperature Against Depth
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Red Island BMA - Salinty Agaisnt Depth
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Red Island BMA - Fluorescence Against Depth
Fluorescence [ug/l]
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2.3.2 Current Data

To represent current in the Long Harbour BMA area the ADCP was placed at the follow coordinates.

Latitude: 47° 28.939’' N
Longitude: 54° 11.200° W

The ADCP was deployed on the 11t of December 2015 at 12:30 UTC and recovered on the 15" of
December at 11:30 UTC.
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Grieg NL Seafarms Ltd. and Grieg NL Nurseries — Consultations Report

Summary

The following is a brief overview of meetings held between April and October 2015 with various
town councils, groups and organizations to introduce and discuss the proposed project by Grieg
NL Seafarms Ltd. It is presented in chronological order and is the precursor to the private and
public consultations formally undertaken by Grieg NL Seafarms in November and December of
that year. *, ***, and *** below.

Initial Outreach Initiative — April - October, 2015

A meeting with the Town of Marystown was held to outline project basics to the Town Executive
and ACOA and DBTCRD local representatives on April 14, 2015.

A meeting in Boat Harbour took place with the Placentia West Development Association and
Minister Clyde Jackman to outline the project on May 8, 2015.

A meeting with fishers in Baine Harbour was held at the Harbour Authority to present the project
and seek advice on the site plans on May 14, 2015.

A meeting with fishers in Petit Forte at the former School now meeting hall happened to present
the project and seek advice on the site plans on June 12, 2015.

On June 19t 2015, a meeting took place with fishers in Parkers Cove at the gear shed on the
Harbour Authority wharf to present the project and seek advice on the site plans.

Meetings took place in Marystown June 24™ to 25% 2015 with the Burin Peninsula Chamber of
Commerce. Presentation of the project took place at “Opportunity Placentia Bay”. GNLSL became
acquainted with representatives of the FFAW at that convention.

On June 25™, 2015 a meeting with the Town of Long Harbour took place to present the project
and discuss a proposed mustering area and to arrange to meet fishermen of the area.

A meeting was held with the Town of Placentia on July 37, 2015 to present the project and request
assistance to meet fishermen from the area.

A telephone conversation and an email was exchanged with Roland Hedderson of the FFAW on
July 237, 2015. The email contained an attachment was the presentation to the Burin Peninsula
Chamber of Commerce and the Site Plans. The email requested feedback from the FFAW on the
site plans.

There was no response to this request to facilitate a response on these site proposals until after
the meeting in Arnold’s Cove. Then that was to meet the FFAW Executive.
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A meeting took place in Arnold’s Cove on September 15" at the Placentia Bay Integrated
Management Committee. The company presented its’ plans and took questions from the floor —
all to a standing ovation at the end. In attendance was DFA, DFO and FFAW representatives as
well as other interested groups. Grieg NL Seafarms had a side meeting and discussion with the
two FFAW representatives with a special request to meet the FFAW Executive in St. John’s which
was agreed to.

A meeting was held in Boat Harbour on October 29t", 2015 with the Placentia West Development
Association and representatives of the Burin Peninsula Chamber of Commerce to update on the
progress of the project.

From the last meeting in Arnold’s Cove to a meeting with the Executive of the FFAW on October
20™ Grieg NL Seafarms was fully engaged in presenting its hatchery application, environmental
assessment registration and business plans to the Provincial government. At the October 20t
meeting Grieg NL Seafarms agreed to coordinate further direct engagement of fishers through the
FFAW and it was agreed the union would arrange the meeting. These meetings at various
mustering areas around Placentia Bay were set for the first week of December. (see part Il)

*Not included on this list were various meetings with ACOA, DBTCRD, DFA, OSC, Ml and DFO.
**Not included in the list are various meetings with the Town of Marystown to negotiate the
well drilling and the purchase of hatchery property in the Marine Industrial Perk or the tax

agreement.

***Not included in the list are various facilitation meetings between local supply and service
companies with Agualine and AquaMaof.
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Part Il

November to December, 2015

Summary

Over the course of November and December of 2015, Grieg NL Seafarms Ltd undertook a series
of private and public consultations concerning the proposed aquaculture hatchery and 11
salmon aquaculture sites and 4 Bay Management Areas (BMAs) in Placentia Bay, Newfoundland,
Canada. The requirements were threefold:

1. Conduct a scan of the employment resources and capacity available in the area to both
inform and assess by means of a Community Outreach Exercise with the assistance of a
consultant;

2. Conduct private consultations with area fishermen in conjunction with the Fisheries Food
Allied Workers Union (FFAW [UNIFOR]) to provide a project overview and receive
feedback on the sites and BMAs; and,

3. To fulfill the Department of Fisheries and Aquacultures’ (DFA) requirement for Public
Consultations in three designated locations covering the aquaculture sites in the
Placentia Bay area.

Community Outreach Initiative — November, 2015

The community outreach program was implemented as a means of introducing Grieg NL
Seafarms Ltd. to a number of communities in the Placentia Bay region of Newfoundland. These
communities have the potential of being impacted by the proposed development of Grieg NL
Seafarms Ltd operations in Marystown as well as from the four Bay Management Areas. A
Consultant, Mr. Joe Bennet, was contracted to undertake a series of community engagements.
He was given well defined parameters to operate within so as to ensure focus and success. The
following summarizes his findings.
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The Communities:

This phase of the community outreach initiative included the communities of:
® Petite Forte
® Baine Harbour
e Rushoon
® Parkers Cove
e Red Harbour
e South East Bite
e North Harbour
®* Arnolds Cove
e | ong Harbour

Also included in the mix were representative fishers from:
e Boat Harbour
e Come-By-Chance

Participants:

Overall 45 people participated in the first- round of the community outreach sessions and an
additional 33 fishers from the region were noted who were unable to attend the sessions. The
objective was to build a data base to assist with future communications and messaging.

The Approach:

The objective of the Community Outreach program was four-fold. The presentation was
structured to introduce GNLSL to the residents, discuss the size and scope of the project and finally
to introduce the opportunity as it relates to career and employment opportunities. The final
element was a Q & A session. The Consultant made himself available to respond to any questions
or objections and to allay concerns.

Consultant’s Impressions:

Overall the project is being very well received by the communities that were visited. Fishers and
community residents see and understand both the commerce as well as the community benefits
that will be derived from the project. All communities expressed their appreciation that an effort
was made by the company to come to the communities and meet with the fishers and to explain
the project and the opportunities as well as answer questions.
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Community Reports:

Petite Forte:

From all indications, the community is very supportive of the project. Two sessions were
held in the community. One with private interviews and the other a town hall type meeting.

South East Bite:

Three fishers from South East Bite were invited to attend the Town Hall meeting in Petite
Forte. The South East Bite fishers were supportive of the project and they value the
employment opportunities.

Red Harbour:

This group is supportive of the project. They discussed the location of the sites and BMAs
but in the end offered no objection to the location or the presence of the operation.

Baine Harbour:

The Baine Harbour meeting was held in the Community Centre. Once again the project
was well received with questions surrounding the sites and BMA locations being responded
to.

North Harbour:

The Consultant met with this group at the government wharf in North Harbour. This is a
small quiet community and they are very keen to see economic activity located in their
village. All the local fishers are excited about the possibilities and see the potential
opportunity.

Arnolds Cove:

The consultant made a visit to Arnolds Cove. Nine people attended the session in Arnold’s
Cove of Saturday Nov. 28 at the Community Centre. Encroachment seemed to be the
biggest issue. The consultant responded with an explanation of how small the actual
project footprint is relative to the bay.
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Rushoon:

There is only one commercial fisher in Rushoon and he is totally supportive of the project
and is looking forward to opportunities.

Parkers Cove:

A meeting was held with the Mayor of Parkers Cove who informed the consultant that
there are no commercial fishers operating out of the town. The town is fully supportive of
the project and recognizes the potential economic of the project on the total area.

Long Harbour:

There are a limited number of fishers in the Community of Long Harbour. The Community
is very supportive of the project and has written a letter of support.

Summation

The consultant’s work was completed before the FFAW private consultations commenced.
It was a very valuable exercise in that it provided a sketch of the communities Grieg NL
Seafarms Ltd will be operation around. Perhaps the most valuable piece of information
acquired from these sessions was the positive way the various communities perceive the
project. These communities have been hard hit in recent years with declining populations,
a reduction in the fishery and an aging population. The prospect of a stable industry
bringing jobs and hope is being embraced by a large percentage of the people in these
villages.
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Private Consultations with fishermen in conjunction with the FFAW

The following is a brief overview of the sessions held with FFAW members in various locations
around Placentia Bay. These sessions were held in conjunction with the union at their request.

Attendance:
e Marystown 6
® Baine Harbour 5
® Petite Forte 21
® Arnold’s Cove 8
e Placentia 1

Observations:

Each session began with an overview presentation by Clyde Collier, Project Manager for Grieg NL
Seafarms Ltd. Clyde explained the scope of the proposed project and answered concerns about
aquaculture and it’s affects on the wild fishery. He then screened an Aqualine video to show the
type of sea cage installations would be used on the sites. Finally, Clyde showed the fishermen
the locations of the sites and held discussions and addressed concerns.

The two FFAW representatives were observers for the most part taking notations and
commenting during the last portion of the sessions. Overall the interaction with them was
cordial and professional.

For the most part the first three sessions in Marystown, Baine Harbour and Petite Forte were of
a positive nature with good project support expressed. Concerns expressed centered mostly
around navigation close to the sites. Clyde Collier eased their concerns with clear explanations of
how to approach sites and that Grieg NL Seafarms Ltd will not obstruct travel. The fishermen
were very keen on hearing about employment opportunities with the company.

The session in Arnold’s Cove was a little more vocal in nature but still quite civil. Mr. Collier
answered questions mostly based on media and internet “opinion” by responding with factual
and science based explanations. The main concerns surrounded encroachment in the bay area
in general citing the oil industry, transport Canada anchorages, Vale and the need for
compensation. Mr. Collier responded by contextualizing our footprint relative to the bay size
and highlighting the positive aspects of the project.
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The Placentia session was attended by a single fisherman but was quite beneficial on the whole
as he was very knowledgeable about the region. He owns the largest enterprise out of Placentia
and fishes outside Placentia Bay in 3PS. He informed us of a number of small craft fishermen
who operate on the Eastern side of Placentia Bay based out of Fox Harbour, Ship Harbour and
Fair Haven. He also noted they were aware of the meeting but still did not attend. The
frequently used grounds do not appear to clash with the two proposed seasonal sites near Long
Harbour based on his observations.

Grieg NL Seafarms Ltd employees noted that while these sessions were for all harvesters under
the FFAW umbrella, many individuals were encountered after these meetings who claimed they
were not notified. Grieg NL Seafarms Ltd undertook to accommodate as many of these
harvesters by providing informal sessions within the time frame.

The primary observation taken from these very intensive three days is that none of the
Harvesters met with could raise a compelling or valid reason why we should move any proposed
sites. The concerns expressed seemed to be more based on the unknown and rumor than on
fact.
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Public Consultations — December 15, 16, 17, 2015

The Department of Fisheries and Aquaculture has a mandatory requirement for discourse in the
form of Public Consultation as a precursor to licensing. The requirement is specifically to provide
an avenue for the public to be informed about the project and to ask questions. Initially a single
public consultation was required and scheduled for Marystown on December 15, 2015. A week
before this date Grieg NL Seafarms Ltd was advised by DFA that they required three sessions in
Marystown, Arnold’s Cove and Long Harbour. The Marystown session had been advertised with
local media sources. The mayors of Arnold’s Cove and Long Harbour were contacted and Public
Consultations were scheduled and advertised locally for the 16" and 17™ respectively. The DFA
also required consultation with town councils around the coastal area which was accomplished
by the presence of the Burin Peninsula Joint Council at the Marystown Public Consultation. With
the completion of these sessions, all DFA requirements have been met by Grieg NL Seafarms Ltd.

Consultation Format

Given the size of the sessions, it was decided to adopt a marketplace format to maximize access
for the attendees. Ms. Lisa MclLeod played host for the Consultation on behalf of the Marystown
Chamber of Commerce. Perry Power of Grieg NL Seafarms Ltd hosted the two subsequent
consultations in Arnold’s Cove and Long Harbour.

The format involved brief overview presentations by Clyde Collier for GNLSL and Hakon Tgnne
for Agualine with question and answer opportunity later. After the presentations, the public
moved towards individual kiosks which afforded attendees the opportunity to ask questions and
discuss issues. Clyde Collier hosted the environmental kiosk, Perry Power centered on
employment and business opportunities and Hakon Tgnne represented Aqualine at their kiosk to
speak on the escape-proofing of cages. This ensured a timely process which gave proponents
and opponents alike the opportunity to ask questions on an equal footing.

Various information posters were also formulated comprised of the following:

® Sites

e \essels and Barges
e Hatchery

e Aqualine

® Triploids

® Sealice Management

These were designed to provide the attendees with visual representations of aspects of the
project.

10
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Marystown — December 15, 2015

The Marystown Public Consultation held at the Marystown Hotel had 80 attendees. A
large showing was demonstrated by the business community as well as local government.
DFO and DFA employees were in attendance to observe. Grieg NL Seafarms Ltd canvased
fishermen in the near communities who showed in good numbers. Information and the
opportunity for questions were provided fulfilling the DFA requirement.

Arnold’s Cove — December 16, 2016

There was a turnout of 10 people at the Arnold’s Cove Consultation including one rep
from DFO and one from DFA. The remainder comprised of the mayor, a manager from
the local fish plant, two representatives from North Atlantic with the remainder being
from the fishing community. The presentations went very well and given the very small
turnout, a discussion was held afterwards which was cordial with many good questions. T
hen it broke off with Perry power speaking to 4 people about employment and business
opportunities

Mayor Basil Daley expressed his interest in the Grieg NL proposals and would like a
meeting with council at some point in the new year with a tour of the town’s capacity.

A fishing couple was encountered with whom Grieg NL Seafarms Ltd had not made
contact with before. They provided valuable information on fishing locations and depths
and indicating that the shallowest the fished crab was 80 fathoms.

Long Harbour — December 17, 2015

The Public Consultation Process requirement was completed with a session in Long
Harbour. This was preceded with a meeting with the town council. The response to both
sessions were very positive with 48 people attending the consultation portion.
Representatives from DFO and DFA were once again in attendance. It is notable that the
marketplace strategy was again employed and the DFA representative expressed that she
felt it worked well. Once again, very little opposition was expressed at this session and
the tone was extremely positive.

11
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Subsequent Meetings with Fishermen — December 21 and 22, 2015

As a result of contact outside the FFAW Private Consultations, meetings were held with
fishermen from Southern Harbour and Boat Harbour on successive nights. Both meetings were
cordial and very informative for both parties.

12



Grieg NL Seafarms Ltd. and Grieg NL Nurseries — Consultations Report

Global Conclusion

The primary conclusion to be drawn from all these sessions is that the Grieg NL Seafarms Ltd
proposal is a very welcome development for the Placentia Bay area. Towns and the Business
Community are encouraged by the opportunities that might develop. Fish harvesters have
presented some concerns around encroachment but they seem to be around the totality of
activity in the bay as opposed to the project specifically. No viable reasons were presented to
withdraw site proposals or BMA’s. Valuable information was received around orientation of the
sites which Grieg NL Seafarms Ltd has acted upon. Government representatives have been most
encouraging and cooperative. Grieg NL Seafarms Ltd has established a positive image through
these consultations. The information gathered will be very useful as the project moves forward.

13
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Project Description

GRIEG NL SEAFARMS LTD.

This document describes technical solutions proposed for Grieg NI Seafarms LTD fishiarms at Newfoundland.
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Strength Counts
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General Info

General Info

Standards and Regulations

NS9415:2009, which is a governing technical Standard for floating fish farming installations.

NS9415 is based on extensive work from Norwegian Authorities as well as research and key
vendors in the industry. This Standard gives recommendations and regulations on important
aspects as:

e Material Specifications

e Design Approach with respect to analyses methods and testing

e Material and Load factors for Serviceability Limit State (SLS), Ultimate Limit State
(ULS) and Accidental Limit State (ALS). Fatigue Limit State (FLS) is also specified.

e Net Specifications

e Environmental Specifications

The design approach achieved by applying NS9415 results in systems with high reliability
and good integrity. Furthermore, extensive in-house experience at Aqualine also contribute
to even higher reliability on the installations.

General Information - Aqualine Design

Floating fish farming installations are complex structures including a large number of
components for floating collars, mooring, nets and other accessories. Hence, experience
and good knowledge on design, operation and risk assessment is very important in order to
understand concepts and make designs with highest reliability. Furthermore, mutual
understanding between Aqualine and the customer on how to operate the systems is a key
for low service costs and reliable operation phase.

Aqualine has delivered equipment to the fish farming industry in the toughest and most
demanding oceans in the world for more than 35 years.

In Aqualine, the maritime understanding is in the marrow. We respect the ocean and know
the forces of nature.

Therefore, we do not confine ourselves to formulas and calculations, but do what is possible
to ensure that the equipment will withstand the applied loads. We subject the equipment to
tough tests; we tear and pull it, in order to find out whether the theoretical calculations
correspond to reality. In this manner, we ensure a good environment and safety for fish and
men.
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General Info

The Aqualine design focuses on robust solutions and concepts that integrate floating collars,
mooring and nets into one system. This philosophy is based on several years of research
and evaluations, e.g. extensive work at the model basin at Marintek in Trondheim. Hence,
Aqualine ensure our customers a redundant structural design with respect to the following
design criteria (ref NS9415):

Serviceability Limit State
Ultimate Limit State
Accidental Limit State
Fatigue Limit Stage

A DN~

The floating collars are designed with a structural circumferential bearing system consisting
of steel tendons connected to the steel brackets by bolts. This main structural system is very
important in order to withstand the mooring loads acting on the cages. Furthermore, there is
redundancy in the buoyancy of the pipes with polystyrene blocks inside the pipes.

The nets are fabricated at our partner factories at King Chou in China and Vietnam. This
factory has extensive competence on net production, and the Aqualine nets are developed
through years of testing and follow-up for qualification.

The mooring systems and components are developed through many years of experience
with design, testing and operation of such systems. All components are of the best quality.
Analyses are performed in-house in the Marine Engineering Department.

For more information on all equipment see www.aqualine.no.

Environmental Conditions

The dimensions of floating collars, nets and moorings in this description may change when
detailed environmental conditions for the sites are presented.

Marine Operations

There are numerous different marine operations related to installation and operation of the
fish farming sites. At project execution Aqualine will work with Grieg NL Seafarms LTD on
risk assessments related to these operations. This will also include redundancy positioning
for well boats close to the barges.


http://www.aqualine.no/
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Midgard System Design

Midgard® System Design

Aqualine® Midgard System is the result of several years of determined work to find new and
better solutions within aquaculture cage technology; floating collar, sinker tube and fish

net. Special attention has been given to reduce the risk of fish escape, but also to find
solutions for more improved and safer working conditions for the fish farm

workers. Furthermore, we want to find solutions which make it easier for the fish farmer to
farm fish in more exposed locations.

In addition to the work we have initiated ourselves, we have also, in close co-operation with
Lergy, Marine Harvest and Salmar, participated and carried out several projects to find
improved cage solutions. From 2012 to 2016, several rounds of Model Testing at the ocean
basin at Marintek in Trondheim have been performed. This has been important to fully test
and verify the proposed solutions and, to identify the best design and combination of floating
collar, sinker tube and fish net. Several full-scale commercial tests have also been carried
out, with very good results.

Aqualine AS recently achieved an award from NHO (Confederation of Norwegian Enterprise)
in Norway for the development and implementation of the Midgard® System. This is a great
recognition for Aqualine AS and our customers, as the award was given because of our work
on reducing risk for fish escape and making daily operations easier for the customer. More
information about the award can be found at the Press Release on NHO homepage. It is

written in Norwegian.

The Midgard® System is now patented.


https://www.nho.no/Om-NHO/Regionforeninger/NHO-Trondelag/Nyheter/vinneren-av-arets-nyskapingspris-2015/
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Midgard System Design

The Midgard® System consists of the following key attributes:

Strength Counts

Newly designed fish net in which the sinker tube is connected directly to the net’s baseline rope, with the
total weight of the sinker tube coming onto the net. Additionally the sinker tube lifting and lowering
ropes when not in use are completely loose and independent of the net tensioning system. This totally
eliminates the risk of these ropes coming in contact with the net and potentially causing net wear or
damage.

A system where power winches are built into the cage for lifting and lowering the sinker tube with fish net
connected. This can be done at a fully synchronised gradual and constant lifting speed for the full
circumference of the cage, all done in a totally controllable operation. This operation can easily be
performed in a fast and efficient manner, without endangering the fish stocks contained within the net or
most importantly not putting the farm workers operating the system at a safety risk. To power this
winching system only requires one portable electric generator (mounted on a boat) to power all the
winches involved, with no requirement for numerous service boats with hydraulic cranes fitted.

An improved customised fish net design and net tensioning system where all components complement
one another to provide a total integrated cage solution. This provides for optimal interaction and
interplay between an adapted sinker tube i.e. correctly ballasted with increased structural rigidity and
the Midgard fish net and cage collar.

FIGURE 1 Aqualine Midgard® System
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Reference List

Reference List and Commercial Information

Until 2016 Aqualine AS has sold about 450 Midgard® Systems, which we feel is a good
recognition of the work we have done. A lot of the Midgard® Systems are installed at very

exposed locations. This is because of the detailed qualification work that has been done with

respect to feasibility check and dimensioning of components and the total configuration.

Here is an updated reference list for the Midgard® System:

e Lergy
e Salmar

e Salmar Nord

e Marine Harvest Midt Norway

o Bjgrgya Fiskeoppdrett

e Ervik Laks & @rret

e Marine Harvest Faeroe Islands
e Marine Harvest Scotland

¢ Luna, Faeroe Islands

o Sulefisk

Complete reference list is given below:

Ebaker Fordbruk
B Gen

Etlankic Hal it

Eallangen Sifarm

Equrreoees Fskeoppainest
Exdstad Flordbruk

Eremres Seashamne

Eriliant Fzeknpprett

Clare Isbind Seafarms, irsland
Erfjord Stamiisk

Ervik Laks & gret

EWNS Innovation

Firds Hefarmer

Fislloerg Fordbruk

Flord Blarim Cod

Flord Seafood

Grieg Cod Farming

Grieg Seaiood

HijsiHarsd Sapdfarms, Shatans

Hupn &guaculure, TeEmania

Emashaugiek

Kobbewik & Funsholmen
Evamesial Askeopparett

Lerey Hyyd rodesch

Lersy Midnar

Lerey Ausbayd]

Lighthouse Caledonsa, Sootlsnd
Karine Harvest Horsary
Karine Harvest Canada
Karine Harvest Faergyene
Karine Harvest beland
Karine Harvest Soobiand
Ript-Morss Havhruk

Kedisgranl Fiskmoppdrak

MRS Fegy Fidemoppd ratt

Open Bl 5ea Farma Fanama
Pan Fish Fy'F Luna

Pefuna Aquacutture, Tasmania
Phvukoet Bquacyture Research Station, Teiland

Russian Ralmaon

Egeemr Floed bruk

Samar

Selmar Mord

Selmar Faums

Salmones Humbokd, Chily
Seimones Pacific Star, Chile
Scottieh Ses Farmre

Serja Sefarm
Sirksberg-Hanser Fiskeapparett
Skl | Heebruk

Swangy Hevbruk
Tofteysurad Laks

Tombwe Fiskeankegg
Ty=nes Flordbruk

‘wheatims, Faroe |sancs

Weat Mlarin Produksjon
Wesksiar

Bakeuik Sethafisk

Amay Fekeopprett
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Reference List

As an example, Marine Harvest is one of our biggest customers worldwide. Aqualine AS has
delivered about 80% of the total cage demand for Marine Harvest Worldwide the last 10
years.

Aqualine AS sells a large number of cages every year with circumferences from 120m to
200m to salmon producers worldwide. About 15-25% of the total sale is export.
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Cages

Two different Cages are presented:

1. FR500-160m with Midgard® Sinker Ring System
2. FR630-200m with Midgard® Sinker Ring System

FR500-160m General Specifications
¢ Each Cage consists of Double Floating Rings
e Material PE100
¢ Floating Tubes Outer Diam. 500mm
e SDR13.6 - Wall Thickness 36.8mm
¢ Internal Circumference 160m for cage
+ Walkway Sections
o Steel Hot Dip Galvanized Brackets for Tube Connections, 48 pcs.
o Steel Mooring Brackets for Anchoring Connections, 12 pcs
e Structural Load Bearing System all around the circ, unique Aqualine
¢ Including Hand rails, PE80O, Diam. 140mm, SDR11 (12.7mm)
¢ Plastic Fenders attached to brackets to avoid damages on workboats
¢ Inside Fenders to prevent net abrasion
o Full set of Hook Protector made of HDPE (HSE device)

Sinker Tube Specification fo FR500-160

e PE80, Diam. 400mm, SDR11 (36.4mm)
e Hanging in 20pcs Dyneema Suspension Ropes
o “Dead weight” approx. 60kg/m

Strength Counts
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Strength Counts

FR630-200m General Specifications

Each Cage consists of Double Floating Rings

Material PE100

Floating Tubes Outer Diam. 630mm

SDR13.6 - Wall Thickness 46.3mm

Internal Circumference 200m for cage

Walkway Sections

Steel Hot Dip Galvanized Brackets for Tube Connections, 60 pcs.
Steel Mooring Brackets for Anchoring Connections, 12 pcs
Structural Load Bearing System all around the circ, unique Aqualine
Including Hand rails, PE80, Diam. 160mm, SDR11 (14.5mm)
Plastic Fenders attached to brackets to avoid damages on workboats
Inside Fenders to prevent net abrasion

Full set of Hook Protector made of HDPE (HSE device)

Sinker Tube Specification for FR630-200

e PE80, Diam. 500mm, SDR11 (45.45mm)
e Hanging in 24pcs Dyneema Suspension Ropes
o “Dead weight” approx. 100kg/m

Cages
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Mooring

Mooring System, 1 Million Salmon Site

Strength Counts

For detailed drawings on 1x6 grid mooring see attachment G.

For detailed drawings on Barge mooring see attachment I.

Grid Mooring and Barge Mooring

The grid mooring is based on 6 cages in line.
The Barge mooring is based on worst case for the 400T barge and 1000T barge.

The mooring system configuration and prices are based on preliminary dimensions on this
stage and will be changed when more detailed environmental data is presented to Aqualine.

Mooring Analyses
The Mooring Analyses are performed according to NS9415.

By applying the reported significant wave height of 2.5m and current of 0.5m/s the evaluated
site is Long Island.

Measured current velocity of 0.5m/s implies a 50 year return current velocity of 0.925m/s.
This current is applied for directions at the site which are typical with respect to the present
topographic landscape available. For other directions, a current velocity of 0.5m/s is applied
in addition to waves calculated according to methods from NS9415. These assumptions are
conservative and result in heavy mooring systems with Aqualine double grid mooring
system.

Drawings
The grid mooring calculations are based on Midgard cylindrical nets. The barge mooring
drawings is applicable both for 400T and 1000T barge.
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Strength Counts

Mooring

Mooring System, 2 Million Site

For detailed drawings on 1x13 grid mooring see attachment H.

For detailed drawings on Barge mooring see attachment I.

Grid Mooring and Barge Mooring

The grid mooring is based on 1x13 grid as requested, with an empty frame for the barge.
The Barge mooring is based on worst case for the 400T barge and 1000T barge.

The mooring system configuration and prices are based on preliminary dimensions on this
stage and will be changed when more detailed environmental data is presented to Aqualine.

Mooring Analyses
The Mooring Analyses are performed according to NS9415.

By applying the reported significant wave height of 2.5m and current of 0.5m/s the evaluated
site is Long Island.

Measured current velocity of 0.5m/s implies a 50 year return current velocity of 0.925m/s.
This current is applied for directions at the site which are typical with respect to the present
topographic landscape available. For other directions, a current velocity of 0.5m/s is applied
in addition to waves calculated according to methods from NS9415. These assumptions are
conservative and result in heavy mooring systems with Aqualine double grid mooring
system.

Drawings
The grid mooring calculations are based on Midgard cylindrical nets. The barge mooring
drawings is applicable both for 400T and 1000T barge.
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Strength Counts

Cage Nets and Bird Nets

Midgard® Fish Net (Cylindrical)

Midgard® Net, 160 m circumference

Data on 30m deep net (base rope) is given herein.

For detailed specification of 23m deep net (base rope) see Appendix B attached.

For detailed specification of 30m deep net (base rope) see Appendix C attached.

Specifications

Note type

Netting material

Mesh Size

Colour

Breaking strength NET MESH
Weight per m2

Estimated weight, complete net

Antifouling

Overall Dimensions

Waterline Circumference
Side wall depth

Jump fence height

Cone base Depth

Total Depth net
Calculated Cubic Capacity

Frame Rope Dimensions

Tope Rope

Main Rope
Waistline Ropes
Base Rope
Suspension Ropes
Vertical Ropes

Cross Ropes (fish net base)

Cylindrical (Wall side and cone)
AL Ultra (Dyneema)

17.5 mmsq (measured knot centre to knot centre)

White, UV Stabilized
106 kg

180 grams

3116kg

Not Required

160m
30m

1.2m

13m

43m

69 945m3

1 pcs 160m, 24mm hard laid PP AL Blue

1 pcs 160m, 24mm hard laid PP AL Blue

5 pcs 160m, 24mm hard laid PP AL Blue

1 pcs 160m, 24mm hard laid PP AL Blue
20 pcs 28.6m, 30mm hard laid PP AL Blue
40 pcs, 24mm hard laid PP AL Blue

20 pcs, 30mm hard laid PP AL Blue



P. 14 Cage Nets and Bird Nets

Midgard® Net, 200 m circumference

Data on 30m deep net (base rope) is given herein.
For detailed specification of 23m deep net (base rope) see Appendix D attached.

For detailed specification of 30m deep net (base rope) see Appendix E attached.

Specifications
¢ Note type Cylindrical (Wall side and cone)

AL Ultra (Dyneema)

17.5 mmsq (measured knot centre to knot centre)

White, UV Stabilized

e Breaking strength NET MESH 106 kg

o Weight per m2 180 grams

e Estimated weight, complete net 3923kg

e Netting material
e Mesh Size
e Colour

e Antifouling Not Required

Overall Dimensions

e Waterline Circumference 200m
e Side wall depth 30m
e Jump fence height 1.2m
e Cone base Depth 13m
¢ Total Depth net 43m

e Calculated Cubic Capacity 109 289m3

Frame Rope Dimensions

o ' e Tope Rope 1 pcs 160m, 24mm hard laid PP AL Blue

e Main Rope 1 pcs 160m, 24mm hard laid PP AL Blue

Strength Counts e Waistline Ropes 5 pcs 160m, 24mm hard laid PP AL Blue
e Base Rope 1 pcs 160m, 24mm hard laid PP AL Blue

Suspension Ropes
Vertical Ropes

Cross Ropes (fish net base)

24 pcs 28.6m, 30mm hard laid PP AL Blue
48 pcs, 24mm hard laid PP AL Blue
24 pcs, 30mm hard laid PP AL Blue
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Strength Counts

Cage Nets and Bird Nets
Bird Net

Bird Net, 160m circumference and 200m circumference

Specifications

¢ Note type Bird net

¢ Netting material HDPE

e Mesh Size 250 x 250 mmsq.

e Colour Blue

e Dimension 160m and 200m circumference

¢ Poles 20 pcs. GFRP Net Poles for 160m cage

24 pcs. GFRP Net Poles for 200m cage

FIGURE 2 Bird Nets and Poles
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Midgard® Winch System

Midgard® Winch System (accessories)

Winches and Control Unit for 160m Cage and 200m Cage

Specifications

Strength Counts

Number of Winches
Power and Effect
Lifting Ropes
Brackets

Control Unit for winches

0 .
o aqualine

10 pcs (160m) / 12 pcs (200m)

240 Volt / 500 W each

10 pcs (160m) /12 pes (200m), 14mm Dyneema Blue
Steel Galvanized Brackets fitted

Including Remote Control and Cabinet

Styrhen tedler

Aqualine Midgard System montert med vinsj @

——

FIGURE 3 Midgard® Winch System



P.17 Barge and Accessories

Barge and Accessories

A number of accessories and a barge is also proposed. Some of this equipment is listed
below.

Feed Barge (400t)
The 400 T feed barge is delivered in cooperation with company Steinsvik.
Reference is made to Appendix F “Barge Drawings 300 Canada”.

Please note that the Barge drawings here is for 300T Barge. Detailed drawings for 400T
barge will be sent.

Mort Handling System
The Mort Handling System is delivered by company LiftUp.
For detailed information on the system see www.liftup.no.

Feed Spreaders

Feed Spreaders and accessories are delivered by company Steinsvik.

Feeding Hose

Feeding hoses are produced by Hallingplast in Norway on Aqualine specification. These
hoses are fully tested on Sintef in Trondheim and approved.

The hoses are 90mm SDR 13.6 anti-static in white colour.

Ensilage System

- - The ensilage system is delivered by Steinsvik.

Detailed specification is given in Appendix J “Ensilage System”.
Strength Counts
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P.18 Documentation

Documentation at Delivery

Aqualine will emphasize the importance of good documentation of all phases and subjects
including:

e Engineering and design

e Production

e Certificates

o Testreports

e Logistics and components lists
e UserManuals

e Drawings

All documentation is written according to NS9415 in English.

Strength Counts




P.19 Contact Information

Contacts Aqualine AS

Hans Olav Rug

Sales Manager - Export
TIf. +47 901 90 659

hans.olav.ruo@aqualine.no

Hakon Tgnne

Product Manager Mooring
TIf. +47 940 13 338

haakon@aqualine.no

Martin Sgreide

Technical Manager, CTO
TIf. +47 905 59 669
martin@aqualine.no

Strength Counts
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Company Information

Aqualine AS

Trondheim / Hammarvika
Tif. +47 73 80 99 30

www.aqualine.no

Strength Counts
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ITEM NO. PART NUMBER QTY.
1 Jump fence Panel 20
2 Side panel 20
3 Base Panel 20
4 Reinforcing Panel Main Rope 20
5 Reinforcing Panel Bottom Rope 20
6 Reinforcing Pane Base Center 20
7 Gyro AlSI 316L 340x210x25x25x20mm 1
8 Top Rope 24mm 1
9 Main Rope 24mm 1
10 Sm waistline Rope 24mm 1
11 10m Waistline Rope 24mm 1
12 15m waistline Rope 24mm 1
13 20m waistline Rope 24mm 1
14 25m waistline Rope 24mm 1
15 Bottom Rope 24mm 1
16 Rope ring base 24mm 1
17 Long Lifting Rope 30mm 20
18 Suspension rope 30mm 20
19 Short vertical Rope 24mm 20
20 Vertical Rope 24mm 40
21 Base Cross Rope 30mm 20
22 |Soft eye @24mmx150mm, Green for lifting 140
23  [Soft eye @24mmx150mm, Blue 40
24 |Soft eye @24mmx150mm, Blue 20
25 Rope ring 20
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Client : Grieg Seafarms Newfoundland

Cage Net Specification : Midgard 160m Cage Net AL Ultra x 17.5mmsq (23m sidewall)

Cage Numbers :

Version : 1
Date prepared : 2-des-2015
Prepared by : Barry McClure
Checked by : Hans Olav Rug

Purchase Order Number (AL)
Product Number (AL)
Provisional Invoice Number

Net description 160m Midgard Net (160x23(36)+1.2
Mesh size 17.5mmsq

Net design - environmental criteria

Quantity required 11 Nets

Delivery requirement 2016

Netting Material Cage Net

Netting material AL Ultra Rachel (Dyneema)

Colour White UV Stabilised
Mesh size 17.5 mmsq measured knot centre to knot centre
Mesh orientation Hung on the square #####
Breaking strength as tested through the net material mesh 106 kgs

Weight per m® 180 grams
Overages Cage Net

Framing rope 0%

Netting material (both in horizontal and vertical) 1%

Key Dimensions Cage Net

Top rope circumference 160 m

Main line circumference (waterline rope) 160 m

5m Waistline rope 160 m

10m Waistline rope 160 m

15m Waistline rope 160 m

19m Waistline rope 160 m

Base rope circumference 160 m

Jump fence height 12 m

Side wall depth 23 m

Cone base depth 13 m

Depth at centre of cage net (water depth) 36 m

Sidewall construction 20 net panels
Cone base construction 20 net panels
Angle of cone base 27 degree angle
Estimated cubic capacity of cage net 55 684 m° production capacity

Weight of Complete Net

Estimated 2835 kgs

Framing Ropes Number psc Length Size Quantity Description

Top rope 1 160 24mm 160 Manho hard laid polypropylene AL blue
Main rope (waterline) 1 160 24mm 160 Manho hard laid polypropylene AL blue
5m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
10m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
15m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
19m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
Base rope 1 160 24mm 160 Manho hard laid polypropylene AL blue
Sort vertical ropes 20 6.2 24mm 124 Manho hard laid polypropylene AL blue
Long vertical ropes 40 23 24mm 920 Manho hard laid polypropylene AL blue
Suspension ropes 20 21.4 30mm 428 Manho hard laid polypropylene AL blue
Cross ropes in cone base 20 28.6 30mm 572 Manho hard laid polypropylene AL blue
Total vertical side ropes 60

Attachments Number psc Length Size Quantity Description

Top rope green plastic sleeved rope eyes 20 24mm

Main rope green plastic sleeved rope eyes (outside net) 20 24mm

Main rope blue plastic sleeved rope eyes (outside net) 20 24mm

Top of suspension ropes green plastic sleeved eye 20 30mm

5m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

10m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

15m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

19m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

Base rope green plastic sleeved rope eyes (outside net) 20 24mm

Rope rings 20 22mm Polypropylene - blue

Net tags 5

Gyro (stainless steel) 1 Gyro AlISI 316L 340x210x25x25x20mm
Short lifting ropes 20 5 18mm 100 Polypropylene - blue

Long net lifting ropes 20 29 18mm 580 Polypropylene - blue

Mortality cone lifting rope - no SS ring supplied 1 109.2 18mm 109.2 Polypropylene - blue

Reinforcing Location on cage net

Main rope cage net (waterline) 0.5m above and below main rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Base rope cage net 0.5m above and below base rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Centre of fish net base 10m diameter, HDPE 4.5mm braid (285 kg BL), single knot 35mmsq - black colour (inside the main net)

General

Lacing twine - netting to netting AL Ultra braided twine - KK 1000d/1x8 - white colour - not pre-shrunk (BL = 144 kgs)

Lacing twine - netting to rope Nylon 210/10x16 braided twine - white colour - pre-shrunk (BL = 195 kgs)

Additional comments...

* Netting to rope (vertical and horizontal) = lock-off on every second mesh = X /X /X /X
*  When joining diamond mesh netting to netting, pick-up 2 meshes of each net panel =2+2=4, locking-off on all meshes
*  When joining square mesh netting to netting, pick-up 2 meshes of each net panel = 2+2=4, locking-off on all meshes

* Reinforcing net panels - pick up 1 mesh of the reinforcing panel and pick up 1 mesh bar of the main fish net



Client : Grieg Seafarms Newfoundland

Cage Net Specification : Midgard 160m Cage Net AL Ultra x 17.5mmsq (30m sidewall)

Cage Numbers :

-

Version :

Date prepared : 2-des-2015
Prepared by : Barry McClure
Checked by : Hans Olav Rug

Purchase Order Number (AL)
Product Number (AL)
Provisional Invoice Number

Net description 160m Midgard Net (160x30(43)+1.2
Mesh size 17.5mmsq

Net design - environmental criteria

Quantity required 11 Nets

Delivery requirement 2016

Netting Material Cage Net

Netting material AL Ultra Rachel (Dyneema)

Colour White UV Stabilised
Mesh size 17.5 mmsq measured knot centre to knot centre
Mesh orientation Hung on the square ###it#
Breaking strength as tested through the net material mesh 106 kgs

Weight per m® 180 arams
Overages Cage Net

Framing rope 0%

Netting material (both in horizontal and vertical) 1%

Key Dimensions Cage Net

Top rope circumference 160 m

Main line circumference (waterline rope) 160 m

5m Waistline rope 160 m

10m Waistline rope 160 m

15m Waistline rope 160 m

20m Waistline rope 160 m

25m Waistline rope 160 m

Base rope circumference 160 m

Jump fence height 12 m

Side wall depth 30 m

Cone base depth 18 m

Depth at centre of cage net (water depth) 43 m

Sidewall construction 20 net panels
Cone base construction 20 net panels
Angle of cone base 27 degree angle
Estimated cubic capacity of cage net 69 945 m° production capacity

Weight of Complete Net

Estimated 3116 kgs

Framing Ropes Number psc Length Size Quantity Description

Top rope 1 160 24mm 160 Manho hard laid polypropylene AL blue
Main rope (waterline) 1 160 24mm 160 Manho hard laid polypropylene AL blue
5m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
10m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
15m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
20m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
25m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
Base rope 1 160 24mm 160 Manho hard laid polypropylene AL blue
Sort vertical ropes 20 6.2 24mm 124 Manho hard laid polypropylene AL blue
Long vertical ropes 40 30 24mm 1200 Manho hard laid polypropylene AL blue
Suspension ropes 20 28.4 30mm 568 Manho hard laid polypropylene AL blue
Cross ropes in cone base 20 28.6 30mm 572 Manho hard laid polypropylene AL blue
Total vertical side ropes 60

Attachments Number psc Length Size Quantity Description

Top rope green plastic sleeved rope eyes 20 24mm

Main rope green plastic sleeved rope eyes (outside net) 20 24mm

Main rope blue plastic sleeved rope eyes (outside net) 20 24mm

Top of suspension ropes green plastic sleeved eye 20 30mm

5m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

10m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

15m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

20m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

25m Waistline rope green plastic sleeved rope eyes (outside net) 20 24mm

Base rope green plastic sleeved rope eyes (outside net) 20 24mm

Rope rings 20 22mm Polypropylene - blue

Net tags 5

Gyro (stainless steel) 1 Gyro AISI 316L 340x210x25x25x20mm
Short lifting ropes 20 5 18mm 100 Polypropylene - blue

Long net lifting ropes 20 36 18mm 720 Polypropylene - blue

Mortality cone lifting rope - no SS ring supplied 1 1238.2 18mm 123.2 Polypropylene - blue

Reinforcing Location on cage net

Main rope cage net (waterline) 0.5m above and below main rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Base rope cage net 0.5m above and below base rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Centre of fish net base 10m diameter, HDPE 4.5mm braid (285 kg BL), single knot 35mmsq - black colour (inside the main net)

General

Lacing twine - netting to netting AL Ultra braided twine - KK 1000d/1x8 - white colour - not pre-shrunk (BL = 144 kgs)

Lacing twine - netting to rope Nylon 210/10x16 braided twine - white colour - pre-shrunk (BL = 195 kgs)

Additional comments...

¢ Netting to rope (vertical and horizontal) = lock-off on every second mesh= X/ X/X/X
¢ When joining diamond mesh netting to netting, pick-up 2 meshes of each net panel = 2+2=4, locking-off on all meshes
*  When joining square mesh netting to netting, pick-up 2 meshes of each net panel =2+2=4, locking-off on all meshes

* Reinforcing net panels - pick up 1 mesh of the reinforcing panel and pick up 1 mesh bar of the main fish net



Client : Grieg Seafarms Newfoundland
Cage Net Specification : Midgard 200m Cage Net AL Ultra x 17.5mmsq (23m sidewall)

Cage Numbers :

Version : 1
Date prepared : 2-des-2015
Prepared by : Barry McClure
Checked by : Hans Olav Rug

Purchase Order Number (AL)
Product Number (AL)
Provisional Invoice Number

Net description 200m Midgard Net (200x23(36)+1.2
Mesh size 17.5mmsq

Net design - environmental criteria

Quantity required 1 Net

Delivery requirement 2016

Netting Material Cage Net

Netting material AL Ultra Rachel (Dyneema)

Colour White UV Stabilised
Mesh size 17.5 mmsq measured knot centre to knot centre
Mesh orientation Hung on the square #####
Breaking strength as tested through the net material mesh 106 kgs

Weight per m® 180 grams
Overages Cage Net

Framing rope 0%

Netting material (both in horizontal and vertical) 1%

Key Dimensions Cage Net

Top rope circumference 200 m

Main line circumference (waterline rope) 200 m

5m Waistline rope 200 m

10m Waistline rope 200 m

15m Waistline rope 200 m

19m Waistline rope 200 m

Base rope circumference 200 m

Jump fence height 12 m

Side wall depth 23 m

Cone base depth 13 m

Depth at centre of cage net (water depth) 36 m

Sidewall construction 24 net panels
Cone base construction 24 net panels
Angle of cone base 22 degree angle
Estimated cubic capacity of cage net 87007 m? production capacity

Weight of Complete Net

Estimated 3572 kgs

Framing Ropes Number psc Length Size Quantity Description

Top rope 1 160 24mm 160 Manho hard laid polypropylene AL blue
Main rope (waterline) 1 160 24mm 160 Manho hard laid polypropylene AL blue
5m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
10m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
15m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
19m Waistline rope water depth 1 160 24mm 160 Manho hard laid polypropylene AL blue
Base rope 1 160 24mm 160 Manho hard laid polypropylene AL blue
Sort vertical ropes 24 6.2 24mm 148.8 Manho hard laid polypropylene AL blue
Long vertical ropes 48 23 24mm 1104 Manho hard laid polypropylene AL blue
Suspension ropes 24 21.4 30mm 513.6 Manho hard laid polypropylene AL blue
Cross ropes in cone base 24 28.6 30mm 686.4 Manho hard laid polypropylene AL blue
Total vertical side ropes 72

Attachments Number psc Length Size Quantity Description

Top rope green plastic sleeved rope eyes 24 24mm

Main rope green plastic sleeved rope eyes (outside net) 24 24mm

Main rope blue plastic sleeved rope eyes (outside net) 24 24mm

Top of suspension ropes green plastic sleeved eye 24 30mm

5m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

10m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

15m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

19m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

Base rope green plastic sleeved rope eyes (outside net) 24 24mm

Rope rings 24 22mm Polypropylene - blue

Net tags 5

Gyro (stainless steel) 1 Gyro AlISI 316L 340x210x25x25x20mm
Short lifting ropes 24 5 18mm 120 Polypropylene - blue

Long net lifting ropes 24 29 18mm 696 Polypropylene - blue

Mortality cone lifting rope - no SS ring supplied 1 109.2 18mm 109.2 Polypropylene - blue

Reinforcing Location on cage net

Main rope cage net (waterline) 0.5m above and below main rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Base rope cage net 0.5m above and below base rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Centre of fish net base 10m diameter, HDPE 4.5mm braid (285 kg BL), single knot 35mmsq - black colour (inside the main net)

General

Lacing twine - netting to netting AL Ultra braided twine - KK 1000d/1x8 - white colour - not pre-shrunk (BL = 144 kgs)

Lacing twine - netting to rope Nylon 210/10x16 braided twine - white colour - pre-shrunk (BL = 195 kgs)

Additional comments...

* Netting to rope (vertical and horizontal) = lock-off on every second mesh = X /X /X /X
*  When joining diamond mesh netting to netting, pick-up 2 meshes of each net panel =2+2=4, locking-off on all meshes
*  When joining square mesh netting to netting, pick-up 2 meshes of each net panel = 2+2=4, locking-off on all meshes

* Reinforcing net panels - pick up 1 mesh of the reinforcing panel and pick up 1 mesh bar of the main fish net



Client : Grieg Seafarms Newfoundland

Cage Net Specification : Midgard 200m Cage Net AL Ultra x 17.5mmsq (30m sidewall)

Cage Numbers :

-

Version :

Date prepared : 2-des-2015
Prepared by : Barry McClure
Checked by : Hans Olav Rug

Purchase Order Number (AL)
Product Number (AL)
Provisional Invoice Number

Net description 200m Midgard Net (200x30(43)+1.2
Mesh size 17.5mmsq

Net design - environmental criteria

Quantity required 1 Net

Delivery requirement 2016

Netting Material Cage Net

Netting material AL Ultra Rachel (Dyneema)

Colour White UV Stabilised
Mesh size 17.5 mmsq measured knot centre to knot centre
Mesh orientation Hung on the square ###it#
Breaking strength as tested through the net material mesh 106 kgs

Weight per m® 180 arams
Overages Cage Net

Framing rope 0%

Netting material (both in horizontal and vertical) 1%

Key Dimensions Cage Net

Top rope circumference 200 m

Main line circumference (waterline rope) 200 m

5m Waistline rope 200 m

10m Waistline rope 200 m

15m Waistline rope 200 m

20m Waistline rope 200 m

25m Waistline rope 200 m

Base rope circumference 200 m

Jump fence height 12 m

Side wall depth 30 m

Cone base depth 18 m

Depth at centre of cage net (water depth) 43 m

Sidewall construction 24 net panels
Cone base construction 24 net panels
Angle of cone base 22 degree angle
Estimated cubic capacity of cage net 109 289 m® production capacity

Weight of Complete Net

Estimated 3923 kgs

Framing Ropes Number psc Length Size Quantity Description

Top rope 1 200 24mm 200 Manho hard laid polypropylene AL blue
Main rope (waterline) 1 200 24mm 200 Manho hard laid polypropylene AL blue
5m Waistline rope water depth 1 200 24mm 200 Manho hard laid polypropylene AL blue
10m Waistline rope water depth 1 200 24mm 200 Manho hard laid polypropylene AL blue
15m Waistline rope water depth 1 200 24mm 200 Manho hard laid polypropylene AL blue
20m Waistline rope water depth 1 200 24mm 200 Manho hard laid polypropylene AL blue
25m Waistline rope water depth 1 200 24mm 200 Manho hard laid polypropylene AL blue
Base rope 1 200 24mm 200 Manho hard laid polypropylene AL blue
Sort vertical ropes 24 6.2 24mm 148.8 Manho hard laid polypropylene AL blue
Long vertical ropes 48 30 24mm 1440 Manho hard laid polypropylene AL blue
Suspension ropes 24 28.4 30mm 681.6 Manho hard laid polypropylene AL blue
Cross ropes in cone base 24 28.6 30mm 686.4 Manho hard laid polypropylene AL blue
Total vertical side ropes 72

Attachments Number psc Length Size Quantity Description

Top rope green plastic sleeved rope eyes 24 24mm

Main rope green plastic sleeved rope eyes (outside net) 24 24mm

Main rope blue plastic sleeved rope eyes (outside net) 24 24mm

Top of suspension ropes green plastic sleeved eye 24 30mm

5m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

10m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

15m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

20m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

25m Waistline rope green plastic sleeved rope eyes (outside net) 24 24mm

Base rope green plastic sleeved rope eyes (outside net) 24 24mm

Rope rings 24 22mm Polypropylene - blue

Net tags 5

Gyro (stainless steel) 1 Gyro AISI 316L 340x210x25x25x20mm
Short lifting ropes 24 5 18mm 120 Polypropylene - blue

Long net lifting ropes 24 36 18mm 864 Polypropylene - blue

Mortality cone lifting rope - no SS ring supplied 1 1238.2 18mm 123.2 Polypropylene - blue

Reinforcing Location on cage net

Main rope cage net (waterline) 0.5m above and below main rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Base rope cage net 0.5m above and below base rope, AL Ultra Rachel 17.5mmsq - white colour (outside main net)

Centre of fish net base 10m diameter, HDPE 4.5mm braid (285 kg BL), single knot 35mmsq - black colour (inside the main net)

General

Lacing twine - netting to netting AL Ultra braided twine - KK 1000d/1x8 - white colour - not pre-shrunk (BL = 144 kgs)

Lacing twine - netting to rope Nylon 210/10x16 braided twine - white colour - pre-shrunk (BL = 195 kgs)

Additional comments...

¢ Netting to rope (vertical and horizontal) = lock-off on every second mesh= X/ X/X/X
¢ When joining diamond mesh netting to netting, pick-up 2 meshes of each net panel = 2+2=4, locking-off on all meshes
*  When joining square mesh netting to netting, pick-up 2 meshes of each net panel =2+2=4, locking-off on all meshes

* Reinforcing net panels - pick up 1 mesh of the reinforcing panel and pick up 1 mesh bar of the main fish net
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1 Grid plate 16 holes 40mm 14
2 Chaih for buoys 19mm 8 meter 14
3 Buoys
North A 4400 liter 4
B 2200 liter 10
4 Bridle parts
22mm chaln sling with 34mm masterlink 72
3 strand 64mm Aqualine rope
Length side ropes 44m 48
Length center rope 40m 24
S Mooring shockle MBL 90t
6 Mooring shackle MBL 60t
7 Mooring shockle MBL 40t
8 Masterlink galv. 34mm
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Marine fish farms — Requirements for site survey, risk

analyses, design, dimensioning, production, installation and

operation
Contents
1 Scope...cccoviviviieenin.
2 Normative references...
3 Definitions.....................
4 Symbols........c.ccccoeenan.
5 S SUMVEYS ..cviiiiiii e e e
51 GeNEral ..ot oo e I
52 Determination of velocity of current ... R R TR )
5.3 Determination of waves .................cccii i
5.4 Determination of wind veloCity ............cccoovcnieiciiin s
5.5 Determination of the effects ofice ............c...coci
5.6 Description of water depth, bottom type and topography
5.7 Direction of current, waves and wind . ...
5.8 Documentation of site inspections and site reports .........
6 Load and load combinations ... ............ -
6.1 Dimensioning situations..............
6.2 Partial co-efficient method .........
6.3 Characteristic values.. ...............
6.4 Limitstates ... i s
6.5 Loads ... o
6.6 Loadfactors .........cccceiieeiin.
6.7 Load combinations................... . e e
6.8 Calculation of the effects of load S el
7  General requirements regarding main components and marine fish farms. ....._..
% B € 1= 4 U= o= | O TP PO PP P PP PP
7.2 RISK ANAIYSIS .veiiiiie ittt
7.3 Planning of main components and composition of marine fish farms .............
7.4 Planning and production of main components................cccooceeiiin S .
7.5 Material characteristics ..........cccoooiiiiiiiic
76 Extraequipment ..., =
7.7 Requirement for stretch system fornetpens ... ...l
4 T -1 £ T OO PP
7.9 DEIVEIY ..
7.10 Inspections of marine fish farms .. ..o EARENA
7.11 Inspection of marine fish farms after installation at the site....................... ...
712 OPEIatioN .....oeeiiiicee e
7.13 Requirements regarding product specification ........................ ’
7.14 Requirements regarding user handbook.................coi s ;
SN © 2009

Provided by Standard Online AS for Aqualine AS 2011-07-05



NS 9415.E:2009

8 Requirements regarding NEL PENS.. ....ooooeit i e 44
8.1 GBNEIAL . oo e e 44
8.2 Relationship to the floating Collar...............ioiiiiii 44
8.3  Floating collar parameters ............ccco oo e 45
8.4 Requirements regarding the net pen which is to be used together with the stretching system 45
8.5 Use of environmental parameters...............ivoiiiiiiei e 45
8.6  DImensioniNg PrinCIPIES .......oiiiiiii i oo e e 45
8.7 Requirements for deSigN ........ooi i 48
8.8  MALEIIAIS. ......ovoitiieetie ettt ettt e e bt e e e 44
8.9 Operation and MaiNtENaNCE. ..........oooiiiii i e e e 20
8.10 Requirements for documentation...............cccce coiiiiiiiii 52
9 Requirements regarding the floating collar ... ]
Lo T € 1= o 1= - | O O OO PPN 54
L2 = =13 T o o O U SO 54
9.3 MOOIING PAMAMELEIS ....... oot et e e et 54
9.4 Netparameters ... ..o -1 |
9.5 Requirements regarding floating collars which are used together with stretching system 54
9.6 Requirement regarding construction parms.............ccccciiiiiiiin e a4
9.7 Requirements relating to welds and welder........... ..o 55
9.8  InStallation @Nd FEPEIN .. .......viiiiii e e 55
9.9 Specification of floating collar for towing. ... =]
9.10 Special requirements for steel installations ... rnaai ERG
9.11 Special requirements for flexible marine fish farms ..., e
9.12 Special requirements regarding combined marine fish farms.............. ... 5B
9.13 Special requirements regarding other types of floating collars.......................ocen, S8
9.14 Requirements regarding documentation...............cc.cciiiiii ...8B
10 Requirements regarding rafts.............cc.oocos i il
101 GENETAI ..covi ittt s 54
10,2 PlaNNING ... oo st 58
10.3 Stability.......ccoo o i e e R &1
104 Fireandsafely ... .54
10.5 ProdUCtion .......c.ocooioiiiie et et e e, i
10.6 Mooring and tOWING ...........coovitiiieie it _— 54
10.7 Requirement for documentation of planning and production: ..................... . R <1
10.8 Marking of rafts ........cccooviiiiriee 85
11 Requirements for MOOTING ... ...cooiii ittt e e e 5151
L I € T=T =Y - O ST PSP U SOTUOT VPR 6
11.2 Planning and ProdUCHION ..o e Rils
11.3 Requirements for construction pams ... BT
14 MAIETIAIS. .. ..o e et e et e e e e e 70
T T O] o 11 (o] o T P PP 7a
A8 FalQUE oo e el e e i
B I o Lo ToT ] o o U O P O Fa|
T1.8 MOONNG OF FAILS .o e e e s |
11.9 Requirements for laying out and after-inspection ... ....... ..o 71
11.10 Requirement for documentation............cccoc. oot i
Annex A (informative) Background information for site survey ................ i, T3
Annex B (informative) Personal safety ......... ..o, 7a
Annex C (normative) Peak period based on effective fetch length, and dimensioning, significant wave
height based on effective fetch length and wind veloCity ... 81
Annex D (informative) Dimensioning of floating collar in relation to extra equipment... ................... .. .83

Annex E (normative) Strength of net pen cage in dimension class 0 in accordance with Table 11 ..., 85

Annex F (informative) Example of risk analysis, broken down into main components . ... ............ 87

Annex G (informative) Appropriate principles for buoys

.................................................................. ....96

SN © 2009

Provided by Standard Online AS for Aqualine AS 2011-07-05



NS 9415.E:2009

Annex H (informative) Method of calculation of forced deformations of hinged steel installations .. ..... 97
Annex | (informative) Information on hydrogen embrittlement and stress corrosion in connection with
galvanising of chains and other steel components ... 98
Annex J (informative) Conversion to sizes of hexagonal mesh ... .99
Annex K (informative) Requirement for further research and development............................. 101
[ = | (U = OO OO P O PO 103
Foreword

NS 9415:2009 was adopted in November 2009
NS 9415:2009 replaces NS 9415:2003.

This standard is produced and revised by SN/K 156, Standardiseringskomiteen for remmingssikre
oppdrettsanlegg / SN/K 509 Sluttfaring av arbeidet med pr NS 9415, with participation by:

— the Fisheries and Environmental authorities;
— research and development institutions;

— consultancy companies;

— fish farmers and

— suppliers of equipment.

The development is based on reports and studies from the above-mentioned interested parties, as well as
experiences in the industry. The Secretariat function for the work has been performed by Standards
Norway, and has been partly financed by the Ministry of Fisheries and Coastal Affairs. The revision has
been based on the experiences which have been obtained from the 1st Edition of the Standard, as well
as a separate research project.

It is assumed that users utilise the whole of the Standard and not just individual chapters of it.
Chapters 1 — 7 specify requirements regarding marine fish farms and general requirements regarding its
main components, while Chapters 8 — 11 specify requirements for each individual main component.

SN © 2009 3
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1 Scope

The purpose of the Standard is to reduce the risk of escape as a result of technical failure and wrong use
of marine fish farms. The Standard sets requirements regarding design of marine fish farms and how it
shall be documented, including calculation and planning rules. The Standard gives parameters which
shall be used to indicate the condition of the site.

Requirements regarding design include requirements for all main components of marine fish farms, such
as net pens, floating collars and rafts as well as requirements for functionality of the marine fish farm as a
whole, including any extra equipment. A description is given of how marine fish farms shall be placed
based on the site conditions at the given site. The Standard also sets requirements as to how marine fish
farms shall be operated in order to be acceptably escape-proof.

Technical requirements or operational tasks which are not relevant to escape of farmed fish are not
included in this Standard. The Standard does not completely cover all the circumstances which can be
relevant for escape. However, it is assumed that such elements are included in the risk analyses, even
though they are not explicitly mentioned in this Standard.

2 Normative references

The following referred documents are necessary for the application of this document. For dated
references only the edition mentioned applies. For undated references the last edition of the referred
document (including corrigendum) applies.

NS 416-1

NS 416-2:2008

NS 470

NS-EN 1990
NS-EN 1991-1-4
NS-EN 1992-1-1

NS-EN 1993-1-1
NS-EN 1999-1-1
NS 5814

NS 6082

NS 9425-1

NS 9425-2

NS-EN 287-1
NS-EN ISO 15607

NS-EN 473

NS-EN 1677-1
NS-EN 1677-2

NS-EN 1677-3
NS-EN 1677-4
NS-EN 10204

Operators for welding of polyethylene (PE) and polypropylen (PP) pipes and
fittings - Part 1: Certification

Operators for welding of polyethylene (PE) and polypropylene (PP) for pipes and
fittings - Part 2: Training schedule

Welded steel structures - Rules for design and fabrication
Eurocode - Basis of structural design
Eurocode 1: Actions on structures - Part 1-4: General actions - Wind actions

Eurocode 2: Design of concrete structures - Part 1-1: General rules and rules for
buildings

Design of steel structures - Part 1-1: General rules and rules for buildings
Eurocode 9: Design of aluminium structures - Part 1-1: General structural rules
Requirements for risk assessment

Marine industry - Deck and bulkhead pieces of pipe with threads for plastic pipes
Oceanography — Part 1: Current measurements at fixed points

Oceanography - Part 2; Current measurement using ADCP

Qualification test of welders - Fusion welding - Part 1:Steels

Specification and qualification of welding procedures for metallic materials -
General rules (ISO 15607:2003)

Non-destructive testing - Qualification and certification of NDT personnel -
General principles

Components for slings - Safety - Part 1: Forged steel components, Grade 8

Components for slings - Safety - Part 2: Forged steel lifting hooks with latch,
Grade 8

Components for slings - Safety - Part 3: Forged steel self-locking hooks - Grade 8
Components for slings - Safety - Part 4: Links, Grade 8

Metallic products - Types of inspection documents

SN © 2009
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NS-EN 12201-2
NS-EN 13173
NS-EN 13889

NS-EN 14687

NS-EN ISO 1107
NS-EN ISO 1140
NS-EN ISO 1141
NS-EN I1SO 1346
NS-EN ISO 1805

NS-EN ISO 1806
NS-EN I1SO 2307

NS-EN ISO 9606-2

NS-EN ISO 12944-2

NS-EN I1SO 12944-3

NS-EN ISO 14731
NS-EN 1SO 15609-1

NS-EN I1SO 15614-1

NS-EN ISO 15614-2

ISO 1704

SN © 2009

NS 9415.E:2009

Plastics piping systems for water supply - Polyethylene (PE) - Part 2. Pipes
Cathodic protection for steel offshore floating structures

Forged steel shackles for general lifting purposes - Dee shackles and bow
shackles - Grade 6 — Safety

Mixed polyolefin fibre ropes

Fishing nets - Netting - Basic terms and definitions (ISO 1107:2003)
Fibre ropes - Polyamide - 3-, 4- and 8-strand ropes (ISO 1140:2004)
Fibre ropes - Polyester - 3-, 4- and 8-strand ropes (ISO 1141:2004)

Fibre ropes - Polypropylene split film, monofilament and multifilament (PP2) and
polypropylene high tenacity multifilament (PP3) - 3-, 4- and 8-strand ropes (ISO
1346:2004)

Fishing nets - Determination of breaking force and knot breaking force of netting
yarns (ISO 1805.2006)

Fishing nets - Determination of mesh breaking force of netting (ISO 1806:2002)

Fibre ropes - Determination of certain physical and mechanical properties (ISO
2307:2005)

Qualification test of welders - Fusion welding - Part 2: Aluminium and aluminium
alloys (ISO 9606-2:2004)

Paints and varnishes - Corrosion of steel structures by protective paint systems -
Part 2: Classification of environments (ISO 12944-2:1998)

Paints and varnishes - Corrosion protection of steel structures by protective paint
systems - Part 3. Design considerations (ISO 12944-3:1998)

Welding coordination - Tasks and responsibilities (ISO 14731:2006)

Specification and qualification of welding procedures for metallic materials -
Welding procedure specification - Part 1: Arc welding (ISO 15609-1:2004)

Specification and qualification of welding procedures for metallic materials -
Welding procedure test - Part 1: Arc and gas welding of steels and arc welding of
nickel and nickel alloys (ISO 15614-1:2004)

Specification and qualification of welding procedures for metallic materials -
Welding procedure test - Part 2. Arc welding of aluminium and its alloys (ISO
15614-2:2005)

Ships and marine technology - Stud-link anchor chains
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3 Definitions
The following definitions apply in this Standard in addition to those that appear in NS-EN ISO 1107

3.1

analysis

calculation of load effects on a construction
[NS 3472]

3.2
seizing
klass of knots

3.3
ultimate limit state
limit state connected to fracture or other similar forms of constructional failure

NOTE The ultimate limit state is usually equivalent to the maximum load-carrying capacity of a
construction or a part of a construction.

3.4

user handbook

a document that describes the correct identification of parts, transport, storage, handling, assembly,
interface, operation of and limitations regarding main components of a fish farm

3.5

serviceability limit states

limit state for when a construction or a construction part no longer meets designated requirements for
normal use

3.6
bottom rope
horizontal rope between the side and bottom in a net pen

3.7
wave height
vertical distance between a wave crest and the previous wave trough

3.8
wave length
horizontal distance between a wave crest and the previous wave crest

3.9
wave period
the time a wave takes to move one wave length, defined between two zero lines of mean water level

NOTE The wave period is equivalent to the time between two consecutive wave crests passing
through a fixed point.

3.10
wave direction
the direction the waves come from

EXAMPLE Waves with a direction of 270° come from the west.

6 SN © 2009
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3.1
buoy body
part of a buoy having the function of keeping floating elements in piace in the buoy

3.12

dartdrop-testing

determination of the impact resistance of a material by a specified body falling towards the material at a
specified force per area unit under specified conditions whereafter the effects are assessed

3.13

diffraction and refraction analysis

calculation of wave height and period based on how local topographical conditions cause reflections,
deflections and slowing down of ocean swells

3.14

design working life

lifetime

the expected time period a construction or part of it, with an intended purpose and with expected
maintenance, shall be able to be used without extensive repairs being necessary

3.15

design load

load which shall be used in examination of a construction in the limit state indicated
[NS 3472]

3.16

design load effects

load effects calculated on the basis of design loads
[NS 3472]

3.17

dimensioning

determination of dimensions or establishment that the dimensions are sufficient to satisfy the
requirements of the limit states

[NS 3472]

EXAMPLE An example of dimensions is stretching in a certain direction for a component. Length, breadth,
thickness, height, depth, diameter or stretching along a certain line such as circumference.

3.18

documented competence

written evidence that practical and theoretical skills are satisfied in relation to the requirements in an
existing curriculum or training plan

3.19

operation

fish farming at a site, including all operations which are performed at the site while fish farming is in
progress, and which are relevant to escape

3.20

dynamic analysis

analysis where a calculation is done of icads from wind, current and waves as well as acceleration as a
result of wave movements in addition to mass, damping and rigidity of the construction

NOTE Load/response analysis where mass, damping and rigidity of the construction are included.

SN © 2009 7
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3.21

dynamic magnification factor

factor which indicates the relationship between response when mass, damping and rigidity are taken into
consideration, and response when only the rigidity of the construction is taken into consideration

3.22

dead fish collector

dead fish scoop

tool for removal of dead fish from the net pen

3.23
depth of net pen
vertical distance from the waterline to the deepest point in the net pen in stretched condition

3.24
extra equipment
technical equipment, fixed or movable, which is used to perform certain operations at a fish farm

3.25
empirical design
design that has been based on experience with previously developed equipment

NOTE Empirical design only builds on strict engineering methods to a small degree

3.26

re-examination

re-examination of documentation, planning, design and assembly of a marine fish farm with its main
components and any extra equipment at the site

3.27

inspection

examination

systematic inspection/examination, usually visual, to see that the equipment satisfies the requirements
that are set

3.28
stitching
seam for connection of rope and net

3.29
stitching rope
rope which is a part of the construction of the net pen, and which is stitched to the net pen

3.30
filament
fibre or strands which are used as a main component in net twine or rope

3.31
flexible installation
marine fish farm where the floating collar is primarily made of polymers, first and foremost plastic

NOTE There can also be marine fish farms where rubber is used as the most important material.
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3.32
floating collar
frame which provides buyancy and attachment for one or more net pens

NOTE A floating collar is a complete unit consisting of a buoyancy pipe, clamps and the necessary
extra equipment.

3.33

marine fish farms

total installation

floating or submersible floating fish farm composed of main components, where live fish are fed, treated
or stored

3.34

raft

barge

floating work station having a gross weight of over 50 tonnes, detached or integrated, with technical
equipment for performing certain functions connected to fish farming

NOTE Such functions can be storage, feeding, electricity supply, crewing and monitoring of the site

3.35
transfer
moving of equipment internally on the site or between sites

3.36
mooring
system of lines and bottom attachments for keeping the floating collar in the desired position

3.37
mooring line
part of the mooring and includes frame stretch and crowfoot as well as a line to the bottom attachment

3.38

fully developed sea state

sea state with a wave height which does not increase even though the wind continues at the same
strength

3.39

operability inspection

inspection which is undertaken at given intervals to discover any weaknesses connected to the
equipment’s operability or stability, particularly with regard to wear

NOTE Intervall for funksjonsettersyn kan for eksempel vaere manedlig. Interval for operability
inspections can be monthly, for example.

3.40
walkway
device where operations personnel can move on foot

3.41

global analysis

determination, in a construction, of a consistent set of either internal forces or stresses which are in
equilibrium with a determined set of effects on the construction, and which depend on geometrical
characteristics, the construction’s characteristics and the characteristics of the materials

[NS 3490]
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3.42
chafing
weakening of strength of equipment as a result of cut or friction

3.43
limit state
condition defining the limit for when a construction no longer meets the dimensioning criteria

3.44
GZ curve
curve which describes a floater’s or raft’s stability in relation to the heeling angle

3.45

ocean swell

heavy sea

breakers

waves that are generated over and which penetrate from open sea

3.46
jump catch net
part of the net pen placed between the top rope and main rope

3.47

main component

one of four components which a marine fish farm consists of, namely net pen, floating collar, raft and
mooring

3.48
main rope
horizontal rope placed under the top rope, where the net pen is attached to the floating collar

3.49

instruction

detailed description of how an operation shall be performed
NOTE An instruction cannot be derogated from

3.50

irregular sea
sea state where the waves have heterogeneous wave characteristics

3.51

JONSWAP wave spectrum

theoretical distribution of the energy in waves based on measurements taken in shallow areas in the
North Sea, near land

NOTE The spectrum is based on significant wave height, peak period and the peak parameter

3.562

capacity

mechanical characteristic of a part, a transverse section or a construction part connected to the ultimate
limit state

[NS 3472]
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3.53

characteristic load

load with a fixed probability, based on years’ extremes, so that it shall not exceed one single year. For
loads which are specified with maximum values which are not aliowed exceeded, the maximum value is
used as the characteristic load

[NS 3472]

3.54

characteristic capacity

value for a construction’s resistance or strength based on a fixed probability so that the mentioned value
is not reached during the dimensioned useful life of the construction

3.55
eyelet
device to protect a rope bow

3.56

impact

possible result of a undesirable event. Impacts can be expressed with words or as a numerical value for
the scope of damage/injury to people, environment or material values

[NS 5814]

3.57

impact-reducing measures

measures aimed at reducing impacts of an undesirable event
[NS 5814]

3.58

construction calculation

calculation showing that the requirements regarding the limit states are met
[NS 3472]

3.59

cross rope

continuation of a vertical rope, which on its own or together with others crosses the bottom of the opposite
vertical rope

NOTE Any other ropes which are to be instailed on the bottom are not regarded as cross ropes in this
Standard

3.60

quasi-static analysis

analysis where calculation is made of loads from wind, current and waves, whilst accelerations on the
construction as a result of waves and current are neglected

NOTE Load/response analysis where rigidity of the construction is included together with a dynamic
magnification of load.

3.61
storage
storage of the whole or parts of a main component which is not in use
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3.62

load

applied concentrated and distributed forces which act upon the construction and applied displacement or
strains in the construction

NOTE The term "load” is used mainly in the same meaning as the form "effect” “Load” is often used to
describe only the effects of force, but in this Standard also includes the effects of applied displacements and
strains.

[NS 3472].

3.63

load factor

load coeffisient

partial factor for load, which expresses possible deviation for the loads in relation to the characteristic
capacities, reduced probability for different loads to act at the same time with their characteristic
capacities, and uncertainties in modeling and analysis in the determination of load effects

3.64

load effect

the results of effects on the construction, such as action-effect, moment, stress, strain or displacement
[NS 3472]

3.65
plumb
weight or other device fixed directly or indirectly to a net pen in order to stretch it

3.66
log
written documentation that records actions taken, as well as the time, and the persons performing them

3.67

local analysis

determination in a construction detail of a consistent set of either internal forces and moments or stresses
which are in equilibrium with a certain set of effects on the construction, and which depend on
geometrical characteristics, the characteristics of the construction and the characteristics of the materials

3.68
lifting rope
vertical rope which continues as cross rope at the bottom of the net pen

3.69
maximum wave height
highest wave registered within a period of three hours

3.70
mesh
opening in the fishing net, including the twine that form the limits of the opening

NOTE In net pen there are two mesh types which are used, determined by the geometry of the mesh,
namely, square mesh and hexagonal mesh.
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3.7
size of mesh [NS-EN 1SO 1107]
NOTE In NS-EN 1SO 1107 the mesh size is only defined by sub-terms (see 3.69.1, 3.69.2 and 3.69.3).
3T
length of the mesh side
hall-mesh

Length of the mesh side measured from centre fo centre of bwo consecutive joing
{NE-EN 120 1107)

oy

3.711.2

mesh length

whole mesh

distance between the centre of two opposing knots/joins in the same mesh when the mesh is fully
stretched

[NS-EN ISO 1107]

3.71.3

mesh opening

distance between two opposing knots/joins in the same mesh when the mesh is fully stretched
[NS-EN ISO 1107]
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3.72

material factor

material coefficient

factor expressing possible deviation in strength of materials in relation to characteristic values, possible
strength reduction of materials in the construction as a whole in relation to characteristic values derived
from tests and uncertainties with modelling and the determination of the construction’s capacity, including
specified tolerances

3.73
cage
floating collar with fixed net pen

3.74
marking
unambiguous identifier on a main component or parts of it, in order to simplify retrieval and traceability

3.75
environmental load
load on a marine fish farm from wind, current, waves, ocean swell, tide and ice

3.76

assembly

installation

composition of a main component or parts of it or composition of main components and/or extra
equipment of a marine fish farm at a site

3.77
net buoyancy
total buoyancy with a deduction of the weight of all parts of the system

3.78
net
fishing net used in a net pen

3.79

net pen

net

fish farming net

completely assembled bag of net to keep farmed fish in place

3.80
partial coefficient
load factor or material factor

3.81

partial coefficient method

dimensioning method which leads to the desired safety level by application of partial coefficients together
with characteristic values for loads and the construction’s resistance

3.82
permeability
measure for water penetration
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3.83
peak period
wave period where the energy in the wave spectrum is greatest
NOTE This period is equivalent to the period for the highest waves.
3.84

production documentation

work descriptions and drawings that personel shall have in order to be able to perform the work in relation
to planning assumptions

[NS 3472]

3.85
produktspesifikasjon
technical documentation of equipment

3.86
procedure
description of how an operation is normally performed

NOTE A procedure can be derogated from if certain conditions indicate it

3.87
planning
design, dimensioning and planning of performance

3.88

reliability

the capability of the construction or part of the construction to meet the designated requirements they are
dimensioned for, including design working life. Reliability is usually expressed by the use of terms for
probability

[NS 3490]

NOTE Reliability includes the safety, use characteristics and durability of the construction.

3.89

reliability factor

factor used to grade the requirements regarding equipment based on expected impacts in the event of
failure or destruction

3.90
redundance
further capacity in addition to the safety factors operated with

NOTE This can be formed by the difference between yield stress and breaking stress, plastic utilisation
of cross section, or transfer of storage of forces due to constructive design Regardless of redundance the
capacity is exceeded when breaking stress is exceeded.

3.91
regular sea
sea state where the waves have uniform wave characteristics

3.92
railing
device to prevent personnel from falling into the sea, and for attaching jump catch nets and bird nets
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3.93
repair
operation to restore the function, capacity and strength of equipment

3.94

risk

danger that undesirable events represent for humans, environment and material values. The risk is
expressed by the probability for, and impact of, undesirable events

[NS 5814]

3.95

risk analysis

systematic procedure to describe and/or calculate risk. The risk analysis is performed by mapping
undesirable events and the causes and impact of them

[NS 5814]

3.96

risk-reducing measures

measures with the aim of reducing the probability for and/or impacts of undesirable events
[NS 5814]

3.97

risk evaluation

comparison of results of the risk analysis with acceptance criteria for risk and other decision criteria
[NS 5814]

3.98

routine inspections

inspections that are made frequently, such as at given intervals or after special events, in order to
discover any faults or defects which can be attributed to use, weather conditions, vandalism etc.

NOTE Intervals for routine inspection can be weekly.

3.99
probability
measurement for how often an event is expected to take place per unit of time

3.100
probability for exceeding
measurement for how often a given threshold is exceeded on average during a given time period

NOTE When a significant wave height is said to have an annual probability for exceeding of 0.02
(1/50), it means that this wave height on average is exceeded once every 50 years. This wave has a return period
of 50 years The wave is referred to as the 50-year wave.

3.101
probability-reducing measures
measures for reducing the frequency of an undesirable event

3.102

sequential main inspection

inspection which is undertaken at fixed intervals in order to determine the equipment’s level in relation to
loads, function, stability, capacity and strength

NOTE Interval for sequential main inspections can be semi-annual.
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3.103
vertical rope
vertical rope in the net pen

3.104
significant wave height
average wave height for the highest third of the waves in one registration

3.105
significant wave period
average wave period for the highest third of the waves in one registration

3.106

safe knot

knot that does not loosen or cause the rope to be broken because of function or imposed loads in
mooring or net pen

NOTE A knot that reduces the strength of the rope as little as possible shall be sought used

3.107
solidity
the relationship between the planned net area and total area on a net panel

3.108
peak parameter
indicates the width of the JONSWAP spectrum around the peak period

3.109
fetch
distance from the site to closest land, calculated in the wind direction

3.110
velocity of current
vectorial average of velocity of current over a ten-minute measurement period

3.111
direction of current
direction in which the current is flowing

NOTE Current with 90° flows towards east. Current is stated in the opposition direction in which waves
and wind move, because of the different oceanographic conventions.

3.112

additional information

disseminated information

extra information which describes a measurement

NOTE This can be time, position, measuring depth, calibration data, type of instrument, institution and
operator for a current measurement series

3.113
top rope
uppermost horizontal rope on a net pen
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3.114
transport
moving of equipment from producer/supplier to fish farmer

3.115
twine
spun filament

3.116
accident limit state
limit state resulting when a construction is put under an accidental load

NOTE Accidental load can be caused by collision or a break in moorings

3.117

accidental load

load, usually short-term, but of a considerable size, which a given construction with little probability will be
exposed to during the design working life

NOTE An accidental load can in many cases be expected to lead to serious impact unless suitable
measures are taken

3.118
design
determination of the structure of main components

3.119

production

production of components at a workshop and factory as well as installation of them or parts of them at the
site

NOTE Components here can mean main components or parts of them.

3.120

fatigue limit state

limit state quantifying the danger of fracture during the useful life of the marine fish farm because of
repeated loads

3.121
replacement
replacement of a main component or parts of it by removing it and replacing it with another

3.122
stretching system
extra equipment which shall contribute to keeping the net pen in the desired three-dimensional form

NOTE This can be weights, bottom ring, etc.

3.123

undesirable event

an event or condition which can entail injury to humans, or damage to the environment or material values
[NS 5814]

3.124

maintenance

operation which shall prevent that equipment is weakened in relation to the intended function, capacity,
and strength
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3.125

wind velocity

average wind velocity in a defined direction over a ten-minute interval, measured at ten metres above
ground level

3.126
wind direction
direction from which the wind is coming

NOTE A wind with the direction of 180° comes from the south.

3.127
wind sea
waves which are generated by wind locally in relation to the site

4 Symbols

a Number of cycles in a cyclic course
B Width

D Depth

D Diameter of a pipe

DAF Dynamic amplification factor

DH Artificial shear deformation

DHghar Characteristic shear deformation

DHenarn cages  Characteristic shear deformation in a double line of net pens with n cages in line

E Elasticity module

Esig, Erel Viscous elasticity factors

EPS Expanded polystyrene

F QOccurring load on cages in newton

Fy LLoad due to fouling on the net pen

Fe Effective fetch length in metres, corrected distance from the site to the nearest land
calculated in the direction of the wind

Fe Cracking stress

Fe Self- load of net pen

Fn Load on net pen upon handiing

Fs Maximum [oad from current on the net pen

Fo Load from waves on the net pen

FEM Finite Element Methods

Gz Curve for stability in relation to heeling angle

H Ocean swell

H Regular wave height in metres (ocean generated)

Hrmaks Maximum wave height in metres in a measurement of three hours duration and a return
period of 50 years

Hs Dimensjoning, significant wave height in 2 measurement of three hours duration and a

return period of 50 years
I ice formation in kg/m? during a 48-hour period
ID ldentification
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IMO
JONSWAP
ki, k2

K2

LOA
MBL
n N
N,

NDT

PA
PE
PM
PP
PU
PVC

St
SCF
SN

2

i B

Vs
WPS
XC3

20

International Maritime Organization

Joint North Sea Wave Project

Freeboard requirement

Specified chain quality in relation to the stress level
Length

Design working life in number of years

Load on the net pen

Characteristic peak length

Largest length of a raft, given in metres

Minimum breaking load

Number of cycles to fracture

Number of cycles to fracture

Non-destructive testing

Return period

Nylon

Polyethylene (polythene)

Pierson Moskowitz spectrum

Polypropylene

Hardened polyurethane foam

Hardened polyvinylchloride foam

Pump capacity

Strength of a (main) component

Design load effect

Stress concentration factor

Curve indicating stress in relation to the number of cycles
Regular wave height

Peak period in the wave spectrum for a measurement period of three hours duration
Defined peak period in the spectrum

Thickness of pipe wall

Wind velocity

Wind velocity measured 10 metres above water surface, averaged over a ten-minute period
Ultraviolet radiation

Adjusted wind velocity

Wind sea

Average wind velocity for a ten-minute interval measured 10 metres above ground level

Current velocity averaged over a ten minutes measurement period and a return period of
10 years

Current velocity

Approved welding procedure
Defined exposure class
Diameter of waste pipe
Reduction factor
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Ao Difference between the highest and lowest stress level in a cyclical course
14 Peak parameter

¥ Load factor

¥ Material factor

Oyt Yield stress of the material

O Nominal stress range of the material

Omaks Maximum stress level of the chain in a cycle

Omin Minimum stress level of the chain in a cycle

5 Site surveys

5.1 General

The site shall be surveyed and described based on topography and degree of exposure in the form of
parameters that shall form the basis for calculation of environmental loads on an installation.
Measurements shall be performed on empty sites, i.e. a site without an installation, if possible. When
measurements are taken with an installation in place at the site, they shall be taken into consideration in
the determination of the environmental parameters.

See otherwise information Annex A for more background information concerning site surveys.

All assessments which are made during the site survey shall be documented.

5.2 Determination of velocity of current

5.2.1 General
Either para. 5.2 2, 5.2.3. or 5.2 4. shall be used in determining current velocities.

Measurements shall be done at a minimum of two levels, 5 m and 15 m respectively below sea level,
where topography allows.

Measurements shall be undertaken at a place at the site which is expected to have the highest current
velocities and shall be representative of the areas where the fish farm is to be located. The measurement
site shall be indicated and justified. Logging of current shall take place at least every 10 minutes and form
the basis for the dimensioning current velocity at the site. Previous measurements which are logged
every 30 minutes can be used when current data is to be collated for a complete year.

Measurement of current velocity entails registration of both time, velocity and direction during the whole of
the measurement period. Current measurements shall take place in accordance with NS 9425-1 and/or
NS 9425-2, dependent on the bottom depth of the site and exposure.

Which critical current components contribute to the total current overview shall be assessed and
documented:

— tidewater current;

— wind-induced surface current;

— outbreak from the coastal current;

— spring flood because of snow and ice melting.

Quality assessment of measurement data of current measurements shall be performed, and include:
— credibility;
— factors during the measurement period that can have affected the measurements.

5.2.2 Measurements of current for one year and use of long-term statistics

Data for current velocity shall be obtained by measurements of at least 12 months' duration at the site.
The data shall be processed by using harmonic analysis with subsequent harmonisation of long-term
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statistics. It is possible to assemble several partial measurements of at least 4 weeks’ consecutive
duration which together cover one calendar year

5.2.3 Measurement of current for one month
In order to determine dimensioning current velocity with a specified return period, the multiplication

factors in Table 2 shall be used.

Table 2 — Multiplication factor as a result of return period, used with one month’s current

measurement
Return period Multiplication factor
years
10 1,65 |
50 1,85

if the highest dimensioning current velocity with a return period of 50 years, based on a measurement
over one month is lower than 50 cm/s, the dimensioning current velocity (50 years' return period) at the
site shall regardless be set at 50 cm/s The other values in the current rose shall be increased
equivalently percentage-wise. If it can be substantiated that the current measurement over one month
has captured maximum current for twelve months, the requirement for setting the dimensioning current at
50 cm/s can be waived. A further description of the various current components (see 5.2.1) shall be
included in the assessment. The assessments shall be documented.

5.2.4 Use of previous current measurements

Existing current measurements can be used if they meet the requirements stated in para. 5.2.2 or 5.2.3.
Measurements at other depths than those specified in para 5.2.1 may be used, provided that it is
possible to use them to estimate the current velocity at the stated depths by interpolation.

NOTE By using measurements undertaken at depths other than 5 m and 15 m respectively,
extrapolation cannot be used to estimate the current velocity at the mentioned depths

5.3 Determination of waves
5.3.1 Determination of wind-induced waves

5.3.1.1 General

The method for determination of waves shall be documented. Wind-induced waves shall either be
determined by wave measurements or by calculation in accordance with para. 5.3.1.4. Wave
measurements shall be further processed in accordance with para. 5.3.1.2 or 5.3.1.3.

NOTE 10-years’ wind and 50-years' wind for determination of waves can be decided in accordance
with NS-EN 1991-1-4.

In addition to the methods described below, a wave chart can be based on long-term wave
measurements if they cover the relevant site.

Re-examination of the measurement data of wave measurements shall be performed, and shall include:

— credibility;
— factors during the measurement period that can have affected the measurements.

5.3.1.2 Irregular sea

In the event of irregular sea, the JONSWAP spectrum shall be used with y = 2.5 for wind seaand y =60
for swells. Alternatively, in fjords or in other partly sheltered sites, a 2-parameter PM spectrum (Pierson
Moskowitz spectrum) can be used. A fully developed sea state shall be assumed.
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5.3.1.3 Regular sea
With the use of regular sea, regular wave height shall be assumed, equal to:

H=Hmnax=19" Hs

Regular wave period shall be set at the peak period T,

5.3.1.4 Calculation of waves based on effective fetch length

Wind-induced waves shall be calculated based on wind data from para. 5.4.2 and fetch length measured
on a sea chart. Dimensioning, significant wave height shall be determined based on effective fetch length
and 10-minute average wind at 10 m height, and such that the wave height increases (approximately)
proportionally with the wind velocity and proportionally with the square root of effective fetch length. The
50-year wave shall be determined based on the site’s 50-year wind. The 10-year wave shall be
detemined based on the site’s 10 year wind.

Calculate the adjusted wind velocity U, by using the wind velocity Ui (m/s):
Ua=0,71Uy' 2

Significant wave height Hs and equivalent peak period in the wave spectrum T, as well as effective fetch
length F, is given by:

Hs=5112 10" Up F,"?
T,=6,238 102 (Ua Fo)™®

Effective fetch length shall be found by the use of a recognized method, and used together with an angle
opening of maximum + 12°. Peak period and dimensioning, significant wave height are found by using
Annex C or the formulas stated above.

5.3.1 Determination of ocean swells

An assessment shall be made and documented of whether ocean swells occur at the site. If ocean swells
occur at the site, the wave height and period are calculated by using one of the following:

- diffraction and refraction analysis;
— measurements for determining swells with a return period of 10 years and 50 years;
— other recognised methods which can document safety, validity and accuracy.

In the case of ocean swells at the site, the combined sea state shall also be determined by combining
calculated ocean swells with calculated, wind-induced waves

5.3.2 Other wave conditions at the site

If para. 5.3.1.4 Calculation of waves based on effective fetch length is used to determine the waves, the
following effects shall be assessed and documented to see how far they can affect the wave spectrum:

— ship-generated waves
— wave reflection (such as if the site is located near a steep mountainside or similar),

— effect of several wave trains (such as if two fiord systems meet or by combination of wind-
induced sea and ocean swell);

— wave / current interaction (changes of wave spectrum at the site with a lot of current).

These conditions can contribute to changing the wave spectrum in the form of an increased significant
wave height or changed peak period. The result of the analyses can [ead to providing several wave
spectra for the site.
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5.4 Determination of wind velocity

5.4.1 General

NS-EN 1991-1-4 shall be used in order to determine the wind velocity for calculation of wind-induced
waves.

To find the wind conditions for calculation of the wind load on rafts, extra equipment or ice-covered
marine fish farms, either NS-EN 1991-1-4 or 5.4.2 shall be used, with a 50-year return period.

5.4.2 Use of wind data from meteorological stations

Measurements from the nearest or the nearest two weather stations® shall be used. Long-term statistics
shall be prepared if they are not available from the weather station’s data. Long-term statistical mean
wind velocity shall be determined with a return period of 10 years and 50 years respectively.

Use of wind data from weather stations shall always be accompanied by a documented assessment of
the site in question in relation to the weather stations. Elements which shall be taken into consideration
are the distance between weather stations and the site, degree of sheltering of the site in relation to the
weather stations and critical wind directions.

5.5 Determination of the effects of ice

5.5.1 Icing, particularly in combination with bad weather and reduced accessibility

Danger of icing on marine fish farms and appurtenant fixed equipment shall be documented. That shall be
done on the basis of the following meteorological data for the site:

— air temperature,

— wind and exposure to wind;

— waves and exposure to waves;
— seatemperature.

If nothing else is documented 850 kg/m3 up to 10 m above sea level shall be used for mass density of ice.

In total, this will give an icing potential giving a dimensioning icing over a defined time interval. The period
for continuous accumulation of ice shall be assessed based on the possibility of removal of ice and
documented measures for icing prevention. If nothing else is documented, three 24-hour periods shall be
used.

Determination of ice and icing potential shall be done based on recognised methods. Use of numerical
methods shall be documented. Possible experiences regarding the site shall be collected for the
assessment.

5.5.2 Driftice

The danger of drift ice at the site shall be assessed and documented. Sources of drift ice can be fresh
water reservoirs (lakes), rivers and river estuaries, river mouths and brackish water areas, sheltered
fjords and sounds with sea ice. An indication shall also be given of which parts of the year drift ice can
occur. The assessments shall be performed based on meteorological data and possible sources
compared to any local knowledge.

5.56.3 Freezing over
The danger of the site freezing over shall be assessed and documented, with an indication of a possible

time of year that this can occur. This shall be performed by assessing meteorological data compared to
local knowledge of the site.

) The Norwegian Meteorological Institute has several weather stations that cover the whole country
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5.6 Description of water depth, bottom type and topography

Bottom topography and type at bottom attachments and along mooring lines shall be charted. Bottom
depth in the relevant area for the marine fish farm, including mooring, shall be charted in a grid with the
greatest distance of 10 m x 10 m between the registered points. Large irregularities, such as large
stones, spines, fissures or larger object, shall be especially noted.

5.7 Direction of current, waves and wind
Values for current, waves and wind shall be indicated in at least 8 concurrent directions.

5.8 Documentation of site inspections and site reports
5.8.1 Documentation of measured parameters, calculations and conclusions

5.8.1.1 General

All information which characterises the site shall be presented so that the user can utilise them easily. Al
procedures shall be described or contain references to a separate description. The connection between
processed data and supporting raw data and additional information shall appear. The documentation shall
treat all the points below, where this is relevant. An inspection of the site shall be documented through a
separate site reports.

5.8.1.2 Instruments
The following shall be included:

instrument description for sensors, including producer, serial number and measurement principle
in the form of reference to publication or short description;

any modifications of the instruments;

accuracy, resolution capability, and area of response for each sensor,
calibration standard (such as procedures, quality and dates);
conversion constants;

any resolution in relevant dimensions;

instrument log with relevant historical information.

5.8.1.3 Data collection and data processing
The following shall be included:

—  type of measurement, including instantaneous value, average value and registration of disruption;
— measurement interval,

— duration of determination of each average period,;

— number of raw data measurements for each presented data value;

— real measurement period for processed data,

— procedures for reduction of noise, filtering and data compression.

5.8.1.4 Data editing and quality control
The following shall be included:

— short description of procedures for data editing;
— short description of procedures for quality control;
— reference to type of quality control.
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5.8.1.5 Data quality
The following shall be included:
— report on data quality and errors or uncertainties, such as fouling on instruments;

— report on correction of data, including treatment of errors and deviations.

5.8.2 Basis for charts

A detailed chart showing moorings lines and cages, with given scales, shall be made

6 Load and load combinations

6.1 Dimensioning situations

A marine fish farm shall be dimensioned so that farming can be carried out without farmed fish escaping
as a result of technical failure. The dimensioning situations shall be sufficient and at the same time be so
varied that they include relevant circumstances which can occur during installation, operation, repair and
maintenance of the marine fish farms.

The following sequences shall be included in a dimensioning analysis:

determination of the loads;

— determination of effects of the loads;
determination of resistance to the effects of loads;
control in relation to defined limit states.

|

Sufficiently great probability shall be proved that the marine fish farm functions as it should in limit states.

6.2 Partial co-efficient method

Partial co-efficient method means defining limit states to which the marine fish farm can be exposed,
based on load factor and material factor.

The load factor, ¥, shall take the following into consideration:

— possible unfavourable deviation for the loads in relation to the equivalent characteristic values;
— reduced probability for different loads behaving at the same time with their characteristic values;
— uncertainties in modelling and analyses in the determination of load effects.

The material factor, y,, shall take the following into consideration:

— possible unfavourable deviation from the strength of the materials in relation to the equivalent
characteristic values,

— possible reduced strength of materials in the marine fish farm as a whole in relation to
characteristic values connected to individual parts;

— uncertainties in modelling and determination of strength of the marine fish farm, including
specified tolerances.

NOTE Uncertainty in the yield strength values of the material can be an impact of erroneous
production and damage and weakening which can occur during installation and use, including reduction of yield
strength values as a result of temperature (variations), corrosion, ageing, photochemical oxidizing, UV rays etc.

The material factor shall also be based on the requirements described in para. 7.5.

Design load effect, S;, is the load effect from characteristic loads multiplied by load factor .
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Design load factor, S, shall fulfill the following expression for each (main) component:

s <R
}/m
where
Sr is the design load effect; average force, or stress
R is the strength of a (main) component
Yn is the material factor

See also NS-EN 1990.

6.3 Characteristic values

Characteristic values shall be determined as loads which the marine fish farm with a defined probability
will not exceed during its design working life.

Characteristic capacity for resistance shall be based on a defined probability that they will not be under-
reached during the dimensioned useful life of the fish farm.

6.4 Limit states
Dimensioning shall be done in relation to two limit states:

-~ serviceability limit state;
— ultimate limit state.

Fatigue and accident situations shall be seen in regard to the ultimate limit state. The limit states shall be
treated in accordance with NS-EN 1990.
6.5 Loads

6.5.1 General

During dimensioning, all load categories which can occur during the design working life of the marine fish
farm, shall be assessed and documented, such as:

— permanent loads;

— variable function loads;
— deformation loads;

— environmental loads;
— accidental loads.

6.5.2 Permanent loads

The permanent loads represent loads which will not be removed during the design working life of the
marine fish farm. These consist of:

— the weight of the marine fish farm in air, including permanent ballast;
— the weight of fixed equipment which cannot, or shall not, be removed,
— static buoyancy forces.

The permanent loads shall be determined based on accurate data regarding the density of the materials
multiplied by the appurtenant volume and/or measured weight.

SN © 2009 27

Provided by Standard Online AS for Aqualine AS 2011-07-05



NS 9415.E:2009

6.5.3 Variable function loads

Variable function loads are maximum loads which can be removed or relocated. They can be applied to
the marine fish farm by:

— mechanical, movable equipment;

— personnel,

— stored goods, such as feed;

— variable ballast;

— mutual load between main components, such as floating collar and raft;

— normal boat impact, fendering and mooring of adjacent floating units;

— movable parts, as well as extra loads applied as a result of certain work operations.

6.5.4 Deformation loads

Deformation loads are loads which occur at forced deformation. This includes deformation which is due to
the marine fish farm’s function or circumstances in the surroundings, such as:

—  pre-tensioning;
— mooring;

— temperature.

6.5.5 Environmental loads

Environmental loads are loads which are applied to the marine fish farm by environmental circumstances,
such as:

— wind;

— waves;
— current;
— ice.

Unequally distributed ice shall be allowed for with the greatest ice load both on horisontal and vertical
surfaces in accordance with para. 5.5.1 on the one side and no ice on the other side. In calculations, ice
shall be treated as accidental load.

6.5.6 Accidental conditions / damage conditions

6.5.6.1 General

As a minimum accidental conditions / damage conditions shall be calculated, assessed and documented,
and the impact of them shall be evaluated. This includes conditions such as:

— breaks in mooring lines;
— puncturing, disappearance or loss of floating parts.

Dead fish can also be regarded as accidental load. The calculations shall then be performed without
combination with environmental Ioad‘s.
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6.5.6.2 Breaks in mooring lines

A marine fish farm shall be assessed for breaks in the mooring system. Progressive breaks shall be
especially assessed. Breaks in each line shall be assessed. Breaks which weaken the stability of the
mooring and functionality of the floating collar shall be assessed.

In particutar, an assessment shall be made and documented, if necessary supported by calculations, of
breaks in the following:

— breaks in lines carrying the largest load;
— breaks in lines which are critical for strength in the marine fish farm, especially the floating collar;

— breaks in the connecting points, such as coupling disc. Possible breaks in connecting points
(including coupling discs) will vary based on the design of the connecting point. The break/tear
form which gives the least capacity shall be regarded as broken. If the connecting point has
probable break sections which entail that several mooring lines are out of function, this shall be
regarded as accidental load;

— breaks in lines that are critical for positioning of single or groups of cages with common moorings,
where relocation can lead to damage to adjacent cages.

6.5.6.3 Puncturing
The following situations shall be dimensioned for:

water penetration in one floating element or between two bulkheads (when using hollow floating
elements).

loss of one floating element at a most critical place ( when using floating elements filled with
buoyancy materials).

6.6 Load factors
For different main components, the load factors in Tables 3, 4 and 5 shall be used.

Table 3 — Load factors for floating collars of steel and plastic in a serviceability limit state

Dimensioning situation Permanent Variable Deformation load | Environmental
load functional load load
Establishment of floating ability 1,0/0,9" 1,0 1,0 1,0%
Establishment of capacity 1,0 1,0 1,0 1,3
Accident situation 1,0 1,0 1.0 1.0
- Damaged condition o

" Favourable ioad (buoyancy) and unfavourable load (weight) shall be regarded as separate loads. The favourable part

has a load factor of 0.9, and the unfavourable part has a factor of 1.0.

2 Applies to loads from ice and snow

3

Applies to breaks in mooring lines, puncturing and ice and snow

Regarding serviceability limit states, all load factors are set at 1.0.

The values in Table 3 are used in dynamic analyses. In the event of quasi-static analysis, the stated load
factors in Table 3 are multiplied by a dynamic ampilification factor greater than or equal to 1.1. The basis
for the factor shall be justified and documented. In order to establish the dynamic factors it is necessary to
know the resonant frequencies of the construction and the load’s variation in time and space. The
analyses shall be performed in accordance with NS-EN 1990

The load factors in Table 3 shall also be used for surfaces of steel and concrete respectively.
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Table 4 — Load factors for mooring lines

Type of analysis Load factor
Static analysis 1.6
Quasi-static analysis 1,15xDAF"
Dynamic analysis 1,15
Accident limit (break in mooring line) 1,0
Spring flood 1,0
" Here is used a factor of 1,15 multiplied by dynamic amplification factor (DAF). Dynamic amplification factor
21 1. Choice of value of DAF shall be justified and documented.

Table 5 — Load factor for rope in net pens, dimension Grade 0

Various components Load factor
Net pen, dimension Grade 0 1,3
Net pen, dimension Grade 0, manual lifting equipment 1,5
Net pen, dimension Grade 0, mechanical lifting equipment 3,0

6.7 Load combinations
Table 6 indicates combinations of current, wind and waves for controls in uitimate limit states

Table 6 — Combinations of environmental loads

Combinations Return period, environmental load
year
Current Wind Wave
1 50 10 10
2 10 50 50

For controls in serviceability limit states a reduction factor, w = 0.7, is used for the loads in Table 6, see
also NS-EN 1990.

Table 6 indicates combinations of current, wind and waves for control in ultimate limit states. In accident
limit states the individual events shall be controlled under stress from the most unfavourable of the two
environmental load combinations in Table 6. An assessment shall be made of which environmental load
combination is the most unfavourable for each accidental event.

6.8 Calculation of the effects of load

Construction calculations shall be based on a suitable choice of stress-strain conditions for materials and
connections. In general, it is assumed that the constructions will be linear elastic. Non-linear models can
be used where indicated in the planning standards for the various materials.

If the dynamic loads can be regarded as quasi-static, the dynamic load variations can be taken into
consideration, either directly in the static values or by multiplying the static loads by calculated dynamic
factors.
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7 General requirements regarding main components and marine fish farms

7.1 General

A marine fish farm shall have an appropriate technical design, and the fish farm shall be operated in an
appropriate manner in order to avoid technical failure.

Planning of a marine fish farm shall be based on risk evaluation and ensure that it is adapted to the
environmental conditions at the site. The requirements in this chapter regarding planning includes both
the marine fish farm as a whole and its components.

7.2 Risk analysis

A risk evaluation shall be performed in connection with planning, production, delivery, installation and
operation.

A risk analysis, broken down into probability and impact (degree of seriousness), shall be included.

The risk analysis shall be based on NS 5814 or equivalent. The various stages shall be documented so
that they can be re-examined

A risk evaluation shall be as complete as possible and also cover relevant conditions for escape which
are not explicitly mentioned in this Standard.

NOTE An example of a partly performed risk analysis for operation is given in table form in Annex F.
7.3 Planning of main components and composition of marine fish farms

7.3.1 Reliability and control

NOTE Reliability class is used to determine requirements regarding control of planning and production
in NS-EN 1990.

The reliability class for the main components and for the marine fish farm shall be determined by the
number of fish that can escape in the event of failure or collapse. A main component can have a lower or
higher reliability class than the rest of the marine fish farm, according to the impact of failure.

Marine fish farms in Reliability Class 2 normally require normal inspections, which entail an internal,
systematic control by other personnel in the company than the/those person(s) who originally performed
the work. Control of planning shall include random sample control of load effects and of the capacity of
main elements.

Marine fish farms in Reliability Class 3 normally require extended inspections of planning and production.
These shall be performed by another company than the one performing the work. Inspection of planning
shall in that case include independent analyses and capacity controis. So that analyses and capacity
controls performed by a certifying body shall be regarded as extended inspection, previous calculations
must be available from the Supplier.

Reference is also made to NS-EN 1990 regarding what the inspections shall include.

NOTE Risk of escape varies according to which main component fails. Collapse of mooring could lead
to all fish in the marine fish farm escaping, and collapse of the net pen to escape of the fish in the net pen.

Table 7 — Reliability factor for floating collar/net pen and mooring respectively in relation to the
number of fish

Number of fish in the floating Number of fish in common Reliability class
collar/net pen mooring
n < 500 000 individuals n < 1 000 000 individuals 2
n = 500 000 individuals n 2 1 000 000 individuals 3
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If one of the criteria for that is present, the reliability class is set at 3, if relevant.

If one of the criteria for that is present, the reliability class is set at 3, if relevant. For net pens,
differentiation shall be made between the probability of failure in the form of small cracks and collapse in
the form of breaks in the rope attached to the twine or progressive tears.

NOTE Reliability classes for other social constructions are given in NS-EN 1990. Here the fish farming
installations are designated "fishing harbours” and placed in Reliability Class 2.

7.3.2 Planning of (the whole) marine fish farm

A marine fish farm shall be sufficiently reliable to prevent the impact of undesirable events. In order to
achieve sufficient reliability, the marine fish farm shall be planned in accordance with the requirements set
forth in NS-EN 1990 or equivalent.

In order to avoid potential damage, recorded during risk analyses, one shall seek to reduce the impact of
an undesirable event and the probability for its occurrence. The following shall be done:

— avoid, eliminate, or reduce dangerous events to the marine fish farm installation;

— choose a load-bearing system which has a small risk of exposure to dangerous events,
— choose a load-bearing system which has little sensitivity to dangerous events;

— choose load-bearing systems which do not break down without warning;

— choose main components which are suitable for each other, which are well connected to each
other, and which have defined interfaces where mutual effects between them are within defined
limit values;

— choose suitable materials, perform professional design and detailing, choose skilled
manufacturing and establish appropriate control procedures for planning, production and
operation;

— provide sufficient information regarding expected use;

— store production documentation which unambiguously describes geometry, materials and other
technical requirements;

— undertake new evaluations and describe requirements for changes if a marine fish farm is
changed, the useful life changes in relation to design working life, or damage occurs, provided
that this is significant to the escape risk.

7.3.3 Connecting points

A local analysis of critical connecting points shall be performed. Any testing shall be performed with the
aid of applied loads, three-dimensional if necessary. The connecting points shall include, but not be
limited to:

— coupling discs (between mooring lines and frames, etc.);

— attachment points (net pen and mooring to floating collar);

— attachment rings;

—  knots;

— hinges;

— rock bolts.

A fatigue analysis shall be performed. An analysis regarding the ultimate limit state shall also be
performed.

Coupling discs in moorings will experience forces from several directions Analyses shall be performed
which document the capacity in relation to this for all applicable loads to which such plates can be
exposed.(See 11.3.3).

7.3.4 Planning and use of materials

Installations of steel shall be dimensioned in accordance with NS-EN 1993-1-1. Corrosion protection of
steel installations shall be undertaken in accordance with NS-EN 1SO 12944-2 and NS-EN 1SO 12944-3
Any cathodic protection shall satisfy the requirements in NS-EN 13173.

Aluminium constructions shall be dimensioned in accordance with NS-EN 1999-1-1.
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Concrete constructions shall be dimensioned in accordance with NS-EN 1992-1-1 Other materials shall
be calculated and dimensioned in accordance with recognised standards.

7.4 Planning and production of main components

7.41 General
Planning and production shall be in accordance with NS-EN 1990

The basis for the requirements regarding main components is that they shall be able to withstand the
loads to which they will be exposed at a site.

The main components shall be dimensioned according to calculations regarding waves, wind and current
in eight directions, as specified in para. 5.7. Deviations from the requirements for calculations in relation
to the number of directions shall be justified based on a risk analysis, as described in para. 7.2. Single
parts or main components or joining of single parts to the main components shall be dimensioned to
tolerate the forces applied to them.

A main component shall be dimensioned in order to:

— function satisfactorily based on given assumptions, such as environmental forces;

— tolerate all assumed loads, including deformations, with satisfactory protection against breaking;

— show satisfactory protection against an undesirable event triggering a more significant event than
the triggering event itself;

— show satisfactory resistance to mechanical, physical, chemical and biological effects, seen in
relation to design working life.

Dimensioning shall take into consideration mutual influence between the main components, such as
between the floating collar and net pen, floating collar and mooring, floating collar and raft, net pen and
mooring, net pen and raft, mooring and raft, and between the main components and any extra equipment.

The main components shall be calculated in relation to probable configurations/connections with other
main components. Documentation of possibilities and limitations in the use of equipment as a result of
these calculations shall be available.

7.4.2 Design working life and durability

The design working life shall be determined for both the whole of the marine fish farm and its main
components.

User handbooks for the main components shall contain information regarding design working life and
associated requirements for condition control and maintenance procedures.

The planning objective shall be that fish farms remain suitable for use during the dimensioned useful life
In order to ensure sufficient durability, the following shall be taken into consideration:

— the use area is fish farming, without the escape of farmed fish;

— the functional requirements in this Standard;

— maximum environmental forces the marine fish farm withstands;

— the composition, characteristics and performance of the materials;

— choice of load-bearing system;

— the design of the parts and constructive detailing;

— requirements as regards skilled work, both during production and operation;

— scope of inspections;

— defined protection measures;

— condition control and maintenance during operation for the entire design working life.

Planning and mooring shall in addition take into consideration the seabed conditions, including depth,
topography and seabed substrate, on the basis of the results of the site survey.
7.4.3 Criteria for determining when equipment does not have sufficient quality

The criteria for determining when main components/components do not keep sufficient quality shall
appear in the documentation for the components.
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7.5 Material characteristics

7.5.1 General

A characteristic capacity has a given probability for not being under-reached in an unlimited series of
tests. It indicates a characteristic for a material, and is defined as the mean value for rigidity parameters
and as the 5 % fractile of the statistical distribution of the material characteristic for rigidity parameters.

NOTE Material characteristics are usually provided by the material producer.

If a material characteristic is not provided, it shall be found by relevant, standardised tests under defined
and relevant conditions, and a conversion factor shall be used if necessary so that the test results shall
be representative of the material characteristics in the relevant construction.

The planning standards for the various materials shall be used to obtain values for material
characteristics. For planning where steel is to be used, NS-EN 1993-1-1 shall be applied, for planning
where concrete is to be used, NS-EN 1992-1-1 shall be applied. Correspondingly, other planning
standards shall be used where they are to be found for other relevant materials. See also paras. 9.10 and
9.11 for steel and plastic installations respectively.

7.5.2 Galvanic conditions

Contact between metals/alloys of different qualities shall be avoided as much as possible. Where this
nevertheless takes place, increased corrosion shall be evaluated and documented as a result of galvanic
conditions, either through an after-inspection programme or by loss of strength calculations based on
corrosion as a function of time. Corroded components shall be replaced in accordance with the
requirements indicated by the evaluations.

7.5.3 Material parameters (rigidity, strength, corrosion, strain characteristics, density and design
working life)

All material parameters shall be obtained from authoritative saurces, such as supplier documentation
connected to certified equipment or materials.

7.6 Extra equipment

7.6.1 Loads from extra equipment

In the planning phase of the floating collar, areas for extra equipment shall be defined, and this shall be
taken into consideration in the planning analyses. These areas shall be indicated with the highest allowed
total load, highest distributed load per m? and highest allowed concentrated load as well as the possibility
for attachment. In the cases where no such areas are defined, or where extra equipment is planned
installed outside the defined areas, documentation shall be provided that the marine fish farm tolerates
the extra equipment which is to be installed. Extra equipment shall not lead to exceeding the marine fish
farm’s capacity, stability and strength. Separate evaluations shall be performed with appurtenant
documentation for fixed and movable equipment respectively.

There shall be a user handbook and installation description for extra equipment which represents a
danger of escape. See also Annex D. Extra equipment with self-buoyancy, which is moored as a part of
or in connection with the installation, shall have documented buoyancy capacity for full-load condition in
the event of puncture. Mooring loads for marine extra equipment shall be stated, so that they can be
taken into consideration in other analyses.
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7.6.2 Requirements for equipment for collection of dead fish
Equipment for collection of dead fish shall:

have a user handbook and installation description;

be designed so that its parts under no wave or current conditions lead to chafing on the net pen.
If the design does entail danger of chafing, this shall be compensated for by a choice of material
that withstands chafing, reinforcements, double protection or other solutions which do not lead to
holes during the course of a normal operational cycle for the net pen;

have recommended and maximum loads in air and water from the equipment for collection of
dead fish in the net pen.

7.7 Requirement for stretch system for net pens
Equipment that stretches the net pen shall:

be documented through calculations together with floating collar and net pen;

have a user handbook and installation description which shall clearly state how the stretching
system shall be assembled and disassembled,;

be attached so that energy from the equipment shall be handled in a proper manner without
exceeding the dimensioning capacities of the main components;

be designed so that its parts do not chafe against the net pen under any wave or current
conditions. If the design nevertheless entails danger of chafing, it shall be compensated for by a
choice of material which is resistant to chafing, reinforcements, double safeguarding etc. which
which do not lead to holes during the course of a normal operational cycle of the net pen.

7.8 Tests

Tests can be an alternative to analysis in order to document capacity. The tests shall take place in
accordance with NS-EN 1990. Tests alone or combined with calculations are done to dimension marine
fish farms or parts of them, or to find the characteristics of existing marine fish farms. Testing shall be
carried out and evaluated as the basis for dimensioning of the marine fish farm installation with a
sufficient reliability level based on the relevant limit state and dimensioning situation. Testing and testing
conditions shall be representative for marine fish farms in operation.

Testing types are distinguished in order to:

— decide the use characteristics of a construction part or breaking capacity direct;

— find special material characteristics,

— reduce uncertainties in parameters in load or capacity models;

— control the guality of delivered products or uniformity in a production;

—  be able to take into consideration factual circumstances which are observed during production;
— inspect the marine fish farm installation or main component after it is at the site.

7.9 Delivery

The main components and extra equipment shall be packed, transported to the site, stored, unpacked
and moved at the site in such a manner that the equipment is not damaged or deteriorates.
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7.10 Inspections of marine fish farms

7.10.1 General

A marine fish farm shall be inspected as a whole. Loads which are applied to various parts of an
installation, depend on design of the floating collar, mooring, net, extra equipment and any raft. The
following shall be done:

— an analysis shall be completed of the whole of the marine fish farm so that one finds which forces
affect all parts of the installation. This analysis shall include the effects of mutual influence
between the main components and extra equipment;

— capacity shall be checked in relation to the loads acting upon the installation. No main component
shall have loads applied that exceed capacity. The limit states that shall be checked are those
indicated in this Standard;

— completed analyses and capacity controls shall be documented.

Inspections to ascertain whether a marine fish farm is sufficient regarding strength shall be performed at
the site. The main components shall not affect one another so that the capacity or tolerance limit of any of
the main components is exceeded.

Relevant technical documentation specifying the main components and how they withstand
environmental loads, as well as detailed planning, calculation and production procedures, shall be
presented. As a main rule, relevant assumptions and limitations in the use of the equipment shall appear
clearly in the user handbook for each main component. If not, it shall appear in the user handbook for the
marine fish farm installation. Each of the following aspects shall be included in an assessment, in order of
priority:

— the complete marine fish farm;

— each of the main components;

— assembly of extra equipment;

— secure placing of extra equipment in relation to the rest of the marine fish farm;

— technical specification of the main components.

7.10.2 Loads and interface between main components

Environmental loads which act on the main components shall be documented. Loads which the main
components (mutually) act on each other under ail conditions at the site shall be documented:

— force from rafts on the floating collar shall be within the tolerance limits for the latter;

— net drag from the net pen on the floating collar shall be within the tolerance limits for the latter;

— horizontal and vertical forces from the mooring on the floating collar shall be within its tolerance
limits;

— the forces on the floating collar from the mooring shall not transfer moments to the floating collar
that will damage it;

— horizontal and vertical forces from the floating collar on moorings, including additional forces from
the net pen and raft, shall be within the tolerance limits of mooring, including the capacity of the
bottom attachment;

— forces from the floating collar on the net pen shall be within the latter's tolerance limits under all
wave and current conditions.

7.10.3 Dimensioning

Dimensioning shall be reviewed during the assessment and the documentation of the main components.
Consideration shall be taken of extra loads one main component receives from the others, and it shall be
established by calculations, research or modelling that each main component has the capacity to
withstand these loads. The loads one main component is dimensioned to withstand from other main
components shall be specified

36 SN © 2009

Provided by Standard Online AS for Aqualine AS 2011-07-05



NS 9415.E:2009

7.10.4 Composition of main components

The composition of main components shall primarily be based on the dimensioning, described in this
chapter and in the chapters for the respective main components. In addition controls shall be performed
of the following:

— Three-dimensional geometry of the main components shall be such that they do not cause
chafing on any of the other main components;

— Materials in and protective coating on parts which connect the various main components, shall be
such that they do not cause one another extra corrosion due to galvanic conditions;

— Connecting points between main components shall cause as little wear on adjacent equipment as
possible;

— Connecting points between two main components shall be such that connection and
disconnection is simple, at the same time as strength and reliability on the connecting function
itself is sufficiently good;

— The main components shall be designed so that they do not complicate or impede inspection,
maintenance, repairs, cleaning and replacements of other main components or parts of them;

— The composition of main components shall be in accordance with environmental loads such as
they appear in the site survey.

7.11 Inspection of marine fish farms after installation at the site

It shall be established through assessment and documentation of marine fish farms at the site, that the
main components and any extra equipment are suitable for each other, and that the marine fish farm can
withstand the real loads such as they appear in the site survey.

An inspection of the completed installation of the marine fish farm at the site shall be performed. This
inspection shall consist of the following at a minimum:

— checks that the marine fish farm installation and its main components are placed at the site as
planned, and which all calculations are based on;

— checks that all bottom attachments are placed in accordance with the specifications;

— checks that all the parts are in accordance with the parts lists;

— checks that all the main components are connected in accordance with technical specifications;
— checks that the main components are undamaged after transport and assembly;

— checks that the user handbook is available for further daily operation.

This inspection shall be documented.

Manoeuvring of boats and placing of mooring attachments on the marine fish farm shall be assessed and
documented in relation to construction and stability.

The placing of the total system shall be drawn in on a map with the placing of floating collar, any rafts,
and mooring.

In the event of deviation between the planned marine fish farm after it has been placed at the site, an
assessment shall be made and documented of whether a new analysis is necessary or not.

7.12 Operation

7.12.1 Requirements regarding daily operation
Operation shall take place in accordance with the user handbook as described in para. 7.14.

An operational procedure shall be available which describes activities that are relevant to escape in the
operational phase, and which involves participants who do not usually work on the marine fish farm.

NOTE An operational procedure can include unioading of feed or slaughtering.

The procedure shall especially describe the voyage out to sea and mooring in the marine fish farm , in
order to avoid damage to the floating collar, mooring or net pen. If necessary, corridors for voyages with
vessels shall be defined.
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There shall be a log to record actions and results of them, connected to daily operation, inspection,
maintenance, tests and replacements, see para. 7.14.3.

The fish farmer shall assess the operational procedures annually and suggest any changes to them
based on experience. Changes shall take place in co-operation with the supplier of the main components

7.12.2 Requirements regarding inspection

Inspection shall be performed in accordance with an inspection programme based on the requirements in
the user handbook. The inspection programme shall be divided into:

— routine inspections;
— functional inspections;
— sequential main inspections.
Routine inspections shall discover any faults or defects which are due to use, weather conditions,

weakened parts, vandalism etc. Routine inspections shall be undertaken at fixed time intervals, such as
daily, and before and after special occurrences, such as storms.

Functional inspections shall discover any weaknesses connected to the performance or stability of the
equipment, particularly with regard to wear. Functional inspections shall be undertaken at fixed time
intervals, such as monthly.

Sequential main inspections shall establish the level of the equipment in relation to function, stability,
capacity and strength. This shall be in relation to weather conditions, visible signs of rot, modifications,
replacements or impairment of weld seams, as well as all changes in the equipment’s ability to withstand
loads. All necessary disassembly or tests in order to complete this inspection shall be undertaken. Skilled
persons shall be brought into this process if it is regarded as professionally justified and is specified in the
user handbook. The main inspection shall be undertaken at fixed time intervals, such as semi-annually.

The intervals for inspection shall be determined on the basis of the characteristics of the components.
7.12.3 Requirements regarding maintenance and replacements

7.12.3.1 General

Routine maintenance shall take place in accordance with a separate maintenance plan on the basis of
specifications in the user handbook. Corrective maintenance, repairs and replacements shall take place
immediately when conditions that require it are discovered through the various types of inspection.

Maintenance, repairs and replacements shall take place in accordance with the user handbook.

7.12.3.2 Routine maintenance

Situations which shali be especially assessed and documented in connection with routine maintenance
are:

— tightening of attachment points;

— painting and treatment of surfaces;

— lubrication of bearings;

— cleaning and removal of fouling;

— removal of destroyed or obsolete equipment;

— inspection and any maintenance of the site outside the marine fish farm itself.
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7.12.3.3 Corrective maintenance

Circumstances which shall be especially assessed and documented in connection with corrective
maintenance are:

— replacement of attachments;

— welding, inspection and maintenance of welds;

— replacement of worn parts or defective parts;

— replacement of load-bearing parts that are defective.

7.12.4 Criteria for when equipment is not of satisfactory quality

Criteria for when main components/components are not of satisfactory quality shall appear in the
documentation for the components.

7.12.5 Changes and handling of changes

Changes to the marine fish farm which can increase the danger of escape, shall not be made before the
necessary measurements, calculations, tests or modeling have taken place. These shall document that
the change does not entail undesirable impacts.

This means changes which can lead to overrun of limits of planning, and can be:

— changed configuration of the marine fish farm;

— change of stretching system, such as increased lead weights;
— changed mesh length in the net pen;

— size and design of the net pen;

— extension of the number of cages on one mooring;

— turning of steel installations.

If an emergency change has been necessary, such as to salvage equipment or farmed fish as a result of
an unforeseen event, the new situation shall be described as soon as possible based on measurements,
calculations, tests or modeling. If the change has led to an unacceptable danger of escape, the
acceptable situation shall be reinstated as soon as practically possible.

7.13 Requirements regarding product specification
7.13.1 Requirements regarding documentation of main components

7.13.1.1 Calculations

All calculations shall be available, Methods used shall be described, either directly or with reference to an
authoritative document. Design working life which is used as a basis for the calculation shall be stated.

7.13.1.2 Material parameters

All material parameters in capacity, strength and dimensioning calculations shall be available and refer to
the source (such as supplier documentation), or what reasoning, method or calculations they are based
on.

7.13.1.3 Certificates for parts
All certificates for certified parts shall be traceable

NOTE It wilt often be so that the fish farmer has certificates available for the main components, while
the equipment supplier has certificates available for smaller parts.

7.13.1.4 Traceability

All parts shall be entered on a parts list which ensures traceability
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7.13.1.5 Documentation of production
The documentation of production of the main components shall contain at a minimum:

— documentation of raw materials, including product and material documentation as well as material
certificates which specify the minimum breaking load, fatigue characteristics and any other
characteristic values;

— documentation that the production processes, including proof that cutting, forming, etc., are done
within given tolerance limits;

— documentation of connections, including that welding has been performed by certified personnel,
that welding and heat treatment are based on recognised procedures, and that screws and bolts
are tightened to the correct tension,;

— documentation concerning surface treatment, including that grinding, sandblasting, lacquering
and galvanising have been carried out in accordance with the correct procedures;

— documentation concerning installation, including that assembly of parts for a main component has

been carried out within approved tolerances

7.13.2 Drawings

7.13.2.1 Planning drawings
The following drawings shall be prepared for each marine fish farm:

— the arrangement drawings for the installation;
— placing of the area of use on nautical charts and detailed charts;
— mooring plan.

7.13.2.2 Construction drawings

The following construction drawings shall be prepared for a marine fish farm and its main components,
where it is relevant:

— main construction and dimension drawings;,
— detailed drawings of parts;
— attachment between main components.

7.13.2.3 Drawings for raft

The drawings shall include system drawings for ballast, draining, cooling water, fuel oil, compressed
air/plant air, hydraulics, air and sounding, fire and hosing, to the degree it is relevant for the raft
concerned. System drawings for electrical installation, including low voltage, shall also be available.

7.14 Requirements regarding user handbook

7.14.1 User handbook for marine fish farms

A user handbook shall be available for the marine fish farm. The handbook shall be a grouping of user
handbooks for the individual main components, as described in para. 7.14.2. The handbook shall also
include all the relevant circumstances which are not covered by the user handbooks for the main
components, such as description of interface/connections between main components. Use and handling
of extra equipment and procedures with relevance for escape shall be described. A user handbook shall
be designed so that the main components can be replaced by other main components which satisfy the
requirements in the user handbook without the necessity of further calculations.
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A user handbook for marine fish farms shall have the following main chapters:

~ key finds from the site survey;
— netpen;

— floating collar,;

-~ mooring;

- raft;

— extra equipment.

The two last chapters contain only requirements for marine fish farms that have rafts or extra equipment.
The same concerns other main components such as in the event of new construction types where certain
main components are not applicable.

The contents of the handbook shall reflect the basic risk evaluation which is the basis for the individual
main component, and for the marine fish farm installation and site as a whole. The handbook shall be
formulated so that it contains as much traceability as possible, both for parts and their producer, important
events and players concerned.

The language in a user handbook shall be simple, and difficult technical expressions shall be avoided.
However, where they are used, they shall be defined. Theoretical descriptions and complicated
explanations shall be avoided. The handbook shall describe the construction of the equipment and
carefully considered and simple feasible solutions in as simple a manner as possible. lllustrations should
be used where they shall contribute to simplifying the understanding of the construction and procedures.

The user handbook shall be revised at regular intervals or when significant changes take place. It shall
form the basis for traceability and system for deviation handling.

7.14.2 User handbook for main components

7.14.21 General

A user handbook containing all main components shall accompany the installation. The user handbook
shall be systematised under the following headings

— producer and product identification;

— main component and its constituent parts;
— transport and storage;

- assembly;

— interface between other main components;
— operation;

— maintenance.

7.14.2.2 Producer and product identification
At a minimum there shall be a description of:

— factual information about the producer/supplier as well as contact information;
— identification of product/brand namef/type/equipment/constituent parts;
— requirements for change, modification etc. in consultation with the producer.
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7.14.2.3 The main component and its constituent parts

At a minimum there shall be a description of:

necessary definitions to make the handbook unambiguous;
drawings to ease assembly, operation and maintenance;
traceability information;

assumptions and limitations in the use of the equipment;

greatest allowed loads and load distribution, both as direct environmental loads on the main
component and as a load imposed by other main components;

critical number of dead fish before it represents a danger of failure in the construction. Volumes of
dead fish shall be indicated both as weight in the sea and weight in the air for the species of fish
concerned,

deviation: handling of errors.

7.14.2.4 Transport and storage

At a minimum a description shall be given of:

requirements for how the equipment shall be packed, transported, unpacked, moved and stored,
requirements for handling of equipment when loading and unloading;

requirements for any towing with and without connection to the other main components, including
maximum values for velocity, wind and waves;

requirements regarding storage on shore.

7.14.2.5 Assembly

At a minimum this shall give a description of:

circumstances which one must be aware of before the product is taken into use;

qualification requirements for those undertaking assembly, such as in the form of welding
certificates;

assembly instructions for constituent parts in main components, including any sequence of
assembly, space requirements and requirements as to weather conditions;

requirements for any application of protection coating after assembly, such as to splices/welds;
necessity for extra tools for assembly as well as the use of them, including removal of them after
assembly;

requirements regarding inspections/controls before fish are set out and in the operational phase;
programme for inspection of marine fish farms, including functional tests, as well as inspection of
completed work results which shall be especially inspected after assembly and launching, and
how the inspection shall be performed.

7.14.2.6 Interface between extra equipment and between other main components

At a minimum a description shall be given of:
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assembly instructions towards other main components;

limitations in choice and use of extra equipment and other main components including
dimensions of and loads imposed by them, especially to avoid danger of chafing on net pens;

interface between other main components, with specification of which loads one main component
tolerates from other main components, including the greatest load (distribution) and angles of
loads, distributed between any attachments points;

possibilities and limitations in the use of mobile extra equipment;
requirements and limitations for attaching and use of fixed extra equipment

use of extra equipment, for instance, truck, and rules for it, such as connected to stability and the
danger of heeling.
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7.14.2.7 Requirements regarding operation of main components

Where it is relevant for a main component in relation to risk of escape, the following description shall be
given:

— requirements regarding training of personnel,

— requirements regarding reception of boat;

— requirements regarding documentation of the size of the fish upon setting out;

— requirements regarding foading and unloading of live fish;

— requirements regarding calls and mooring of boats;

— greatest weight on and distribution of ice;

— procedures for normal handling and operation of main component;

instructions for normal operational settings;

— requirements regarding cleaning/removal of fouling in sea;

— requirements regarding handling, including lifting and lowering;

— requirements for handling of special environmental conditions, such as drift ice, freezing over,
icing or sNow;

— description of how short-term, extraordinary loads which are imposed by feedboats, wellboats
and other vessels, can be avoided.

7.14.2.8 Maintenance
General:
At a minimum a description shall be given of:

— requirements regarding planned maintenance, such as lubrication, tightening up of bolts,
tightening of ropes etc;

— overview of checkpoints and placing of them,

— overview of parts which shall be replaced, with given replacement intervals or requirements for
remaining strength as well as procedures for replacement;

— criteria for when a main component as such shall be scrapped,;

— requirements regarding testing, inspection and protection of equipment which is temporarily taken
ashore,

— procedure for each type of inspection, such as whether it is visual inspection or NDT;

— plan for routine inspection with intervals for each type of inspection included, such as connected
to welds, wear on protective coating, wear on load-carrying parts due to friction and degree of
fouling;

— procedure for inspection and replacement after unforeseen events;

— procedures for handling and identification of spare parts, such as investigate of compliance with
the producer’s specifications;

— requirements regarding removal of obsolete parts and materials;

— requirements regarding removal of used parts.

Inspection programme:

All inspections shall be collected in a detailed inspection programme. At a minimum this shall include an
overview of which types of inspection are required, at what times during the calendar year they shall be
performed, and at what intervals they shall be performed.

The main philosophy of the inspection programme shall be that the person responsible for the daily
operation shall also perform the necessary inspections. The handbook shall give clear rules for how an
inspection that has been performed shall be entered into a log, or documented in another manner

The inspection programme shall be based on a risk analyses. This means that the plan shall be directed
towards the elements and parts which are most likely to fail, as well as the elements and parts that will
result in the most serious impacts if they fail.
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Procedures for inspection shall be so well described that competent personnel shall be able to perform
them without access to other information than that given in the handbook. A description shall be given of
what type of competence is required of personnel performing the various types of inspections.

At a minimum the following shall be included:

— inspection after change of a main component, any assembly of a new marine fish farm;

— inspection after change of a main component with impacts for other main components and the
capacity of the whole of the marine fish farm;

— periodic inspections;
— inspections or testing for specially defined purposes or by specially defined equipment.

The inspection programme shall be related to the parts list. All parts in the overview shall be marked with
what type of inspection they require, and how often this shall take place.

Maintenance plan:

All maintenance shall be described in a detailed maintenance plan. The maintenance plan shall at a
minimum contain an overview of what types of maintenance are required, at which times they shall be
performed during the calendar year, and at which time intervais they shall be performed.

The main philosophy of the maintenance plan shall be that the person responsible for the daily operation
shall perform the necessary maintenance of the marine fish farm with its main components. The
handbook shall give clear rules for how maintenance performed shall be entered into a log, or
documented in another manner.

The maintenance plan shall be based on a risk analysis. This means that the plan shall be directed
towards the elements/parts which will result in the most serious impacts if they should fail.

The maintenance routines shall be so wel! described that competent personnel shall be able to perform
them without access to other information than that provided in the handbook. A description shall be given
of what type of competence is required for personnel performing the various types of maintenance.

The maintenance plan shall be related to the parts list. All parts in the overview shall be marked with what
type of maintenance they require, and how often this shall take place.

7.14.3 Log
During operation a separate log shall be kept which at a minimum shall include:

— action performed (type of inspection, maintenance or repair), with a reference to plan and
procedure;

— result after action performed,;

— necessary follow-up as a conclusion after action performed;
— date;

— person/institution performing the action;

— signature.

8 Requirements regarding net pens

8.1 General

The requirements in this chapter assume that one also knows the requirements in the other chapters in
the Standard

A net pen shall be suitable for the species it is to be used for.

8.2 Relationship to the floating collar

The net pen shall be suitable for the floating collar it is to be used in, and shall at a minimum have the
number of attachment points to the floating collar in accordance with Table 10.
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If the net pen is to be attached to the floating collar at points between the attachment points themselves
so that it retains its planned three-dimensional design, and to prevent chafing between the floating collar
and the net pen, these attachment points shall be so that they do not impose extra forces on the net.

NOTE A fastening rope with a considerably lower breaking strength than the net twine itself is used.
The twine can also be reinforced.

8.3 Floating collar parameters

All characteristics of the net pen which can be of significance to the floating collar and planning of it, shall
be specified. Including:

— number and placing of all attachment points;

— maximum allowed forces in the attachment points;
total weight of net pen;

solidity.

8.4 Requirements regarding the net pen which is to be used together with the stretching system
The net pen which is to be used together with the stretching system shall:

— be suitable for the floating collar and the stretching system it shall be used with;

— be designed so that it will under no wave or current conditions lead to chafing on the net pen. If
the design nevertheless does entail danger of chafing, this shall be compensated for by the
choice of materials which resist chafing, reinforcements, double safeguarding or other which will
avoid holes during the normal operational cycle for the net pen;

— attachment points on the net pen shall be suitable for the stretching system, and the largest force
shall be stated for each attachment point. Likewise, limitations in the direction of them shall be
stated;

— the user handbook for the net pen shall clearly state how the net pen shall be stretched without
risking chafing or other damage.

Analyses or tests shall document what loads the net pen tolerates from the stretching system. The loads
tolerated by the net pen must be clearly stated in the user handbook or product information in the form of
the greatest load on the attachment points on the net pen.

8.5 Use of environmental parameters

The calculations of the net pen shall at a minimum include a volume of fouling which gives up to 50 %
increase of the twine diameter in the net pen as a whole.

The calculations of forces on the net pen caused by current shall include the dimensioning current
velocity of the whole of the water column if no documentation is provided on varying current velocity at
the relevant site. Net pens shall be calculated for the combination of environmental loads in accordance
with Table 6.

8.6 Dimensioning principles

8.6.1 General

Dimensioning of net pens has traditionally been empirical design. This is the main principle in this
Standard and assumes use of traditional materials for nets, twine and rope. The requirements are set out
in Tables 8, 9 and 10. Other dimensioning principles can be used if it is documented that the intention of
the Standard is satisfied.

8.6.2 Design working life in seawater

A net pen shall have a design working life of at least 36 months. This assumes that the net pen is used,
inspected and maintained in accordance with the requirements contained this Standard, as well as the
user handbook from the producer.
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8.6.3 Determination of dimension grade

For sites with dimensioning, significant wave height lower than 2.5 metres and dimensioning current
velocity of less than 0.75 m/s the dimension grade shall be determined on the basis of the net pen's
circumference and the total depth in accordance with Table 8.

Table 8 - Dimension grades for net pens

Depth of net pen Circumference
m m
<49 | 50-69 | 70-89 | 90-109 | 110-129 | 130-149 | 150-169 | 170<
0-15 i I If v v Y I 0
15,1 - 30 I I \Y v v Vi Vil 0
30,1 - 40 1l il \% v % VI Vil 0
40 < 0 0 0 0 0 0 0 0

The net pen shall be suitable for the floating collar it is used with.

For sites with dimensioning, significant wave height over 2.5 metres the dimension grade is set at 0. For
sites with dimensioning current velocity of over 0.75 m/s the dimension grade is set at 0.

8.6.4 Determination of dimensioning requirements
TWINE: For dimension grades | — VIl in Table 8 the breaking strength requirements are set out in Table 9

Table 9 — Dimension grades for and breaking strength of twine

Dimension grades
Hafbmesh® [ 1 | 0 | wm [ v | v [ wvi [ v ] o
mm Minimum mesh strength in net pen
kg
<6,0 21 21 25 25 25 25 25 25
6,0-8,0 25 3 31 39 39 39 39 39
81-120 31 39 47 55 55 55 55 55
12,1 - 16,5 39 47 55 63 71 71 79 79
16,6 —22,0 47 63 79 79 79 95 95 95
22,1-29,0 63 71 95 95 117 136 ] 136 136 B
29,1-350 95 95 117 117 136 136 ] 151 151
" Half mesh in twine with square mesh shall be measured in accordance with NS-EN ISO 1107 With the use of
twine with hexagonal mesh, the conversion table J.1 in Annex J shall be used.

Requirements regarding breaking strength in Table 9 are to be regarded as minimum requirements for
twine in the production of new net pens.

Regarding net pens which are older than 24 months, it shall be documented that the twine has a strength
of at least 65 % of Table 9. Twine in jump catch nets shall have at least 60 % remaining strength.

Requirements regarding ropes on net pens in accordance with dimension grade appear in Table 10.
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Table 10 — Dimension grade requirements regarding ropes

Dimension grades

I I I Y v Vi Vil
Minimum breaking strength all 1900 kg | 1900 kg | 2800 kg | 3400 kg | 4100 kg | 4100 kg | 5000 kg
ropes
Top rope Min. no 1 1 1 1 1 1 1 1
Main rope Min. no 1 1 1 1 1 1 1
Bottom rope Min. no 1 1 1 1 1 1 1

Vertical rope/ 75m 7.5m 65m 6.5m 50m 50m 50m

attachment point {axadiSyiees

Of which lifting Max. distance: 15.0m 150m 19.5m 130m 15.0m 15.0 m 100m
rope

Cross rope Requirements: | All lifting ropes SHALL continue as cross ropes at the bottom
bottom

Vertical ropes include all vertical ropes. A lifting rope is a vertical rope that continues as a cross rope at
the bottom. Al lifting ropes shall be clearly marked. All lifting ropes, even though there are more than the
Standard’s minimum requirements, shall continue as a cross rope. The material factor is 3.0 for knotless
rope and 5.0 for rope with knots.

With the use of a stretching system that can entail forces into the bottom of the net pen, all attachment
points at the bottom rope shall continue as cross ropes.

Requirements regarding the number of attachment points between the floating collar and net pen in
accordance with the dimension grade appear in Table 10.

The crossing point between the vertical rope and main rope (at the waterline) is the attachment point for
the net pen. The greatest load from the stretching system shall be stated.

8.6.5 Net pens in dimension grade 0

8.6.5.1 General

The following procedure shall be used in calculations and inspections of net pens that do not fall under
the requirements in Tables 9 and 10, or that fall into dimension grade 0 in accordance with Table 8:

Inspections shall be made to check that the strength of the twine and framework (rope) has sufficient
strength and integrity to tolerate loads during use and handling as well as the environmental forces which
can be imposed at the relevant site. Twine and rope shall have a strength which is greater than or equal
to the requirements regarding strength in Grade VIII given in Table 9 and Table 10.

8.6.5.2 Planning

Net pens in dimension grade 0 shall be planned in relation to the floater and stretching system by
calculating forces which occur in the net pen and comparing to capacity.

Loads in Chapter 6 shall be imposed on the system, and the forces in twine and rope shall be found. For
rope in the net, material factors in accordance with para. 8.6.4. shall be used, and the mesh strength for
twine is found in Table 9.
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8.6.5.3 Assessment of reinforcement of certain parts of the net pen

Net pens in dimension grade 0 shall be assessed reinforced in the following manner:

the probability for chafing damage to the net pen at the waterline shall be assessed and the twine
protected or reinforced if necessary;

necessary reinforcement of the net construction as a whole shall be based on the site and
operational requirements,

net reinforcement of both the side and bottom of the net pen in the area against the bottom rope,
in accordance with para. 8.7.

For documentation of strength in a net pen, Annex E shall be used as far as it is applicable.

8.7 Requirements for design

Net pens shall be made of twine and ropes which satisfy the following:

the net pen shall be constructed in accordance with the dimension grades in Tables 8 - 10,
based on the net pen’s size and strength requirements regarding mesh and ropes;

the net pen shall be assembled so that forces are transferred through ropes attached to twine,
and the rope shall, during the whole of the design working life, have less extension (elasticity)
than the twine used,;

lifting ropes shall tolerate the load when the net pen is lifted such as it is specified in the user
handbook;

the net pen shall be produced without tears and shall be inspected for this after production;
splices shall not reduce strength significantly;

for net pens in dimension grade Il and higher, the bottom shall be reinforced with double twine, at
least 0.5 m into the bottom and 0.5 m out to each side of all vertical ropes that are not lifting
ropes or equivalent reinforcement;

the bottom shall be constructed so that it stands taut and ensures that dead fish are collected in
the dead fish scoop when the bag is stretched in accordance with the user handbook;

areas at the bottom of the net pen, where a dead fish scoop is used, shall be reinforced with
double twine or equivalent.

When cutting twine and assembling net parts, the following requirements shall be satisfied:

with hand sewing on twine with a half-mesh size less than 25 m, the thread(s) shall be threaded
through each mesh and knotted at a distance of maximum 12 cm;

with hand sewing on twine with a mesh size of 25 mm half-mesh or larger, the thread(s) shall be
threaded through each mesh twice and knotted at a distance of maximum 12 cm. Secure knots
shall be used;

with machine sewing, stitching shall be done twice over the splice on the twine to avoid
unravelling. Start/stop of the seam shall be properly secured to avoid unravelling.

Assembly:

with hand sewing on twine with a half-mesh size less than 25 m, the thread(s) shall be threaded
through each mesh and knotted at a distance of maximum 12 cm;

with hand sewing on twine with a mesh size of 25 mm half-mesh or larger, the thread(s) shall be
threaded through each mesh twice and knotted at a distance of maximum 12 cm. Secure knots
shall be used,;

with splicing the lacing thread one secure knot shall be used.

When lacing net pens (attachment of rope to twine) the following requirements shall be met:

48

when lacing /attachment of rope to twine it shall be ensured that the twine is sufficiently slack and
is evenly stretched. It shall also be ensured that the rope takes the strain, and not the twine. Net
parts shall be joined before rope is laced,

all lacings shall be on the outside of the net pen unless special functional requirements require
attaching on the inside;

the seam between the rope and twine (the lacing) shall have a breaking strength of at least the
same level as the twine;

SN © 2009

Provided by Standard Online AS for Aqualine AS 2011-07-05



NS 9415.E:2009

when lacing by machine the rope shall be sewn to the twine consecutively, in relation to the first
stretch point in this overview. Start/stop of the seam shall be properly secured against
unravelling;

when lacing rope to net pens with a mesh size of less than 15.5 mm half-mesh the thread(s) shall
be wound over the rope and twine through every second mesh, and there shall be a maximum of
12 cm between each attachment point (knot). There shall be at least three hitches or equivalent
secure knots per attachment point (knot);

when lacing rope by hand to net pens with half-mesh sizes of, or greater than 15.5 mm, the
thread(s) shall be wound over the rope and twine through each mesh, and there shall be a
maximum of 12 cm between each attachment point (knot). There shall be at least three hitches or
equivalent secure knots per attachment point ((knot/clamp knot) if lacing is done by hand.

8.8 Materials

8.8.1 General

By materials is understood filament, twine, fibre and rope used in the making of net pens. The materials
shall be in accordance with documentation provided by the producer, and shall be of such quality that
they meet the requirements set out in this Standard. The producers shall provide documentation
indicating producer, trade name, type of material, characteristics and marking of the product. The
characteristics shall appear as the result of documented tests.

Material factors for rope in net pens shall be set in accordance with para. 8.6.4.

8.8.2 Filament

The following requirements regarding characteristics of the filament yarn shall be documented through
tests:

— the filament yarn shall have the characteristics which make it suitable for meeting the
requirements made for the completed net pen;

— the filament yarn shall be protected against UV radiation. Protection shall be sufficient in relation
to a design working life of at least 36 months;

— only certified filament yarn shall be used The chemicals used for treatment of filament yarn and
rope, and which can affect the strength of the net pen, shall be specified. All relevant parameters
connected to the strength and characteristics of the net pen shall be documented.

8.8.3 Twine
Twine shall be produced from filament which meets the requirements set out in para. 8.8.2.

It shall be documented through tests that the twine’s strength characteristics satisfy the following
requirements:

—  knot strength shall be measured with an overhand knot in accordance with NS-EN I1SO 1805 and
NS-EN ISO 1806;

— elongation at break shall be satisfactory for the product it is to be used in;

— twine used in knotted nets shall have characteristics suitable for the knot and the finishing
process which is necessary for good knot strength;

— when determining twine diameter and appurtenant solidity, the basis shall be the relationship
between the projected twine area and total area of the net panel,

— the twisting degree shall be such that the twine is balanced.
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8.8.4 Net pens

Twine for use in net pens shall be manufactured of twine or filament that satisfies the requirements stated
in para. 8.6 and Table 9. As net for fish farming purposes both knotted and knotless net can be used.

The following requirements are made regarding net:

— during the whole of the design working life it shall possess an elasticity which is greater than the
rope that is used in the net pen;

— net and rope shall not shrink so that forces are transferred from rope to net ;
— testing of net shall be carried out in accordance with NS-EN ISO 1806;
— it shall be documented that the net satisfies the requirements laid down by the Standard.

8.8.5 Rope

Rope for use in net pens shall be produced from filament that satisfies the requirements in para. 8.6 and
Table 10. The following requirements are made regarding rope:

— during the whole of the design working life it shall possess an elasticity which is less than the net
which is used in the net pen;

— testing of rope shall be performed in accordance with NS-EN 1SO 2307;
— it shall be documented that the rope satisfies the requirements laid down by the Standard.

Mixed polyolefine rope shall also satisfy the requirements in NS-EN 14687.

8.8.6 Other materials

Other materials can be used if it is documented that at a minimum they satisfy the functional requirements
in this Standard.

8.8.7 Controls of materials
In all deliveries of materials, the producer shall control and confirm:

— that the delivery is in accordance with the order;

— that the producer’s routine tests confirm that the characteristics of the product are in accordance
with those that are stated;

— that the net pen is produced from materials in accordance with this Standard.

Control of materials for net pens produced and repaired according to this Standard with regard to material
quality, material use, dimensions, and production shall be documented.

8.9 Operation and maintenance

8.9.1 General

Operation and maintenance shall take place in accordance with the user handbook. The design
requirements in para. 8.6 apply to new and used net pens.

After 24 months, a net pen shall have a valid service card as an attachment to the certificate for the
dimension grade the net pen is certified for. The service card can have a period of validity of up to 24
months. A net pen shall not be taken into use before a valid product certificate or service card has been
received. A service card shall always show the quality of the net pen. The service card shall provide
information regarding the condition of the net pen and period of validity by showing the last date for use in
seawater.

Handling of the net pen shall be planned so that it only takes place in the period of weak current.
Handling of the net pen in strong current shall only take place in emergency cases, and great care shall
be shown.
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8.9.2 Lift and tow

In the event of towing where the net pen is connected to the floating collar, the velocity shall never
exceed the relative velocity of the net pen in relation to the water masses which are identical to the
maximum current the net pen is certified for.

Lifting of the net pen by the mesh shall never take place, it shall only take place by the use of lifting ropes,
and then in such a manner as to avoid unequal loads on the net pen.

8.9.3 Requirement regarding service station
A service station shall at a minimum have the following documented:

— knowledge and understanding of the net pen’s design and function, with appurtenant material
qualities;

— documented requirements regarding design of the service card with appurtenant ID marking on
the net pen, and archive which provides the possibility of traceability;

— suitable area for inspection and handling of the net pen,

— procedure for reception and delivery of net pen;

— procedures for a testing programme of the net pen with suitable tools and documentation of results;

— procedures for various repairs, mending net pens, and replacement of twine.

8.9.4 Inspection and repair of net pens

Service cards that confirm that inspection and maintenance have been performed in accordance with the
user handbook, and that the net pen satisfies the requirements set forth in the Standard, shall only be
issued by a service station that meets the requirements set out in para. 8.9.3.

Net pens which do not meet the requirements for remaining strength in twine as described in this
Standard, shall no longer be used for fish farming.

The log from the history of the net pen shall be made available to the service station that performs
inspection and testing.

Attachment points shall be inspected, and all ropes shall be examined, assessed and documented with
regard to chafing and wear. In addition, stretch tests shall be performed of the twine with suitable tools.
Regarding stretch tests the requirements in NS-EN ISO 1806 shall be used as far as they are applicable.
The net pen shall satisfy the requirements regarding breaking strength as they appear in Table 9, in order
for the net pen to be issued a valid service card.

At least 9 stretch tests shall be performed on the sides of the net pen. The tests shall be distributed
evenly around the net pen with 3 stretch tests on the jump catch net, 3 stretch tests just under the main
rope and 3 stretch tests at half the depth. In addition, at least 3 stretch tests shall be taken evenly
distributed over the bottom. In dimension grades VIl and 0 the number of stretch tests shall be doubled. It
shall be stated whether the twine has been tested under wet or dry conditions.

Stretch tests of twine shall be performed before any anti-fouling etc. is performed on the net pen.

The chemicals that are used to treat the net pen, and which can affect the strength and characteristics of
the net pen, shall be specified.

A service card shall be issued for inspection, stretch tests and repair of the net pen. This will, together with the
product certificate, be the documentation that the net pen still satisfies the requirements of the Standard.

8.9.5 Period of validity of the service card

A service card can have a period of validity of up to 24 months' use. This applies as long as the strength
of the twine is 100% or more in relation to the dimension grade in Table 9. When the remaining strength
of the twine is between 100 % and 65 % of the requirements regarding breaking strength (between 100%
and 60 % for the jump catch net), the service card can have a period of validity of up to 12 months. In
special cases, where the validity of the service card expires before the net pen is taken up, the service
station can assess whether a further 3 months’ extension of the period of validity can be given on the
basis of the net pen’s documentation as well as visual assessment of the net pen. This shall be
documented.
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The validity period of the service card starts when the net pen is lowered into the sea, but maximum 12
months after the date of issue. This assumes that the net pen is handled and stored in accordance with
requirements in the user handbook. This shall be documented in accordance with para. 8.10.1. A possible
extension may only be allowed in cases where there is greater risk of fish escaping when the net pen is
changed in this phase, than by an extension of the period of validity by up to 3 months at a time for a net
pen of expected good quality.

The last valid service card should be available and present for the service station that is to perform
service on the net pen. At a minimum, a service card shall contain:

— ID number of the net pen;

— measurements of the net pen cage;

— dimension grade and requirements for strength;

— materials and dimensions for twine and rope,

— the result of stretch testing with the basis in requirements;

— description of maintenance performed,

— date of issue and period of validity;

— service performed in accordance with NS 9415 or equivalent.

NOTE A service card shall be retained together with the log, see 7.14 3.

8.10 Requirements for documentation

8.10.1 Materials and processes

Documentation of material quality, material use, dimensions, production and repair of each net pen shall
be in accordance with the Standard’s provisions and shall be stored for any subsequent inspection and
documentation.

Documentation of own inspections performed shall be stored in a systematic manner in order to ensure
traceability. At a minimum the documentation shall include:

— acopy of all material orders accompanied by documentation, control report from receipt, marking
of materials and reports from any testing of materials from this delivery;

— control report from any own production of twine, rope and net;
— copy of documentation of any own-produced twine and net, as well as that supplied by others;
— copy of documentation of net pen shall accompany the service card.

8.10.2 Planning
At a minimum the following shall be documented for planning of the net pen:

— assembly sketch of the net pen, including jump catch net, with all the relevant measurements
shown;

- all allowed net designs, sizes and stretching systems or mooring lines attached to the net pen;

— choice of materials and dimensions for the various parts, including twine diameter for rope and
net;

— twine number, mesh length, mesh type, rope type and size of the mesh in the form of a half-mesh
in accordance with NS-EN 1SO 1107,

— which functional requirements shall be met;
— description of any redundance.
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8.10.3 Design
In connection with the design of net pens the following shall be documented at a minimum:

purchased raw materials, including requirements regarding the suppliers of material certificates
which specify the minimum breaking load, shrinking characteristics, ageing characteristics, UV
resistance and any other characteristics for the relevant raw material or part;

that the production processes such as knotting, splicing, sewing and binding are performed by
personnel with the necessary competence or under the supervision of personnel with the
necessary competence. Competence shall be documented,

that the production processes such as impregnation are performed with substances/chemicals
recommend in accordance with provisions given by the authorities/suppliers;

that the assembly of the various parts for one component is done within stated tolerances and
with the indication of assembly lacquer;

8.10.4 Marking

Net pens shall be marked by the producer. Marking shall be permanently attached to the top rope, and
shall be clearly visible and legible for the duration of the design working life of the net pen. The net pen
shall have at least two permanent labels, of which at least one shall be attached to the top rope. The label
shall be designed and attached so that it does not lead to chafing of the net pen.

In packing and transportation of net pen, the marking should be well visible.

The producer of the net pen shall store an overview of numbers for product documentation which is
issued, and to whom the delivery was made.

8.10.5 Documentation which shall accompany the product: Product documentation

Net pens which are delivered in accordance with this Standard, shall be delivered with product
documentation from the producer. Product documentation for the net pen shall specify a design working
life of 36 months and thereafter as long as it is documented that inspection and maintenance have been
performed and that the net pen is in accordance with the requirements of the Standard

The product documentation shall at a minimum contain the following information:

—  producer,

— date of issue and period of validity;

— number of product documentation;

— measurements of the net pen;

— dimension grade;

— size of mesh in the form of half-mesh in accordance with NS-EN 1SO 1107;

— species of fish for which the net pen is intended;

— materials and dimensions for net and rope, inciuding reinforcements;

— recommended and greatest force imposed by the stretching system;

— confirmation that the net pen is in accordance with the order, and that it is produced and
controlled in accordance with the requirements in the Standard,;

— reference to user handbook for the net pen;

— reference to any enclosures to the product documentation;

— that the information in the product documentation is only valid as long as the requirements in the
user handbook and this Standard are complied with.

NOTE The specifications of design working life in the product documentation start from the time of
lowering the net pen into the sea, but no longer than 12 months after the date of issue. This assumes that the net
pen is handled and stored in accordance with the requirements in the user handbook

In special cases, where the product documentation’s period of validity expires before the net pen is taken
up, the service station can assess whether a three-month extension of the period of validity can be
granted on the basis of the documentation for the net pen, as well as visual assessment of the net pen.
This shall be documented
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9 Requirements regarding the floating collar

9.1 General

The requirements in this chapter assume that one also knows the requirements in the other chapters in
the Standard.

9.2 Planning
Floating collars shall be dimensioned in accordance with para. 7.3.

9.3 Mooring parameters

All characteristics of the floating collar which can be relevant to mooring and planning of it, shall be
specified. Hereunder:

— requirement regarding pre-tensioning. This shall be defined where it is relevant;

— number and placing of all attachments points;

— maximum force and three-dimensional direction for relevant points. Largest angle size at
attachment of crowfoot shall be stated where it is relevant in order to avoid unequal load on the
clamps or railing supports;

— maximum allowed moment from moorings, where it is relevant.

NOTE The greatest strain on the floating collar is normally applied through the mooring system. The
variations in the different forces and line characteristics can impose great loads This concerns large, marine fish

farms, i e long platform installations, in particular. Here several lines run parallel. In such a case it is especially
important that the floating collar does not have too great local or global loads imposed.

9.4 Net parameters

All characteristics of the floating collar which can be of relevance to the net pen and planning of it, shall
be specified. Hereunder:

— number of net suspension points for the stretching system with placing, capacity and
specification. The net suspension points shall be placed so that all vertical ropes in the net pen
can be attached to the floating collar;

— load effects from the net pen, normally net depth;

— greatest total net weights;

— how fouling is taken into consideration when forces on the net pen are calculated, solidity
including fouling shall be stated.

NOTE Usually, 50% increase of the twine diameter is used so that solidity shall include fouling.

9.5 Requirements regarding floating collars which are used together with stretching system
Floating collars which are used together with a stretching system shall:

— be suitable for the stretching system it is to be used with, so that the stretching system does not
lead to chafing of the net pen under any type of wave or current conditions. If the design
nevertheless does entail a danger of chafing, this shall be compensated for by the choice of
material which resists chafing, reinforcements, double safeguarding etc. which means that holes
are avoided during the net pen’s normal operational cycle;

— describe in the user handbook how the floating collar and stretching system shall be assembled
together in order to avoid chafing or other damage to the relevant net pen.

9.6 Requirement regarding construction parts

All construction parts in the floating collar shall be able to absorb forces imposed. The construction parts
shall be able to absorb forces from loads on the part and loads from adjacent parts, including mooring,
net pen, feed dispensers and other equipment.
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There shall be calculated and documented that connections such as welds, bolts or hinges have the
necessary capacity to transfer forces Materials which wear more quickly than the rest of the construction,
such as washers, shall be inspected and replaced when the wear tolerance has been exceeded.
Requirements regarding this shall be stated in the user handbook.

All construction parts in the floating collar shall be marked in such a manner that there is good traceability
in relation to the design and purchase of the single parts.

The floating collar shall be constructed such that:
— itis simple to install net pen and bird net. Placing of attachment points shall comply with the
requirements regarding net pens, see Chapter 8;
— there is no chafing on the net pen;
— itis easy to keep clean;
— itis easy to keep clean in seawater,
— itis easy to install any extra equipment;
— there are no hollows etc. where liquids and shells can collect.

9.7 Requirements relating to welds and welder

All welds in metal shall be performed in accordance with approved procedures (WPS) as indicated in NS-
EN ISO 15607 and NS-EN ISO 15609-1, NS-EN ISO 15614-1 and NS-EN ISO 15614-2. All welders shali
possess an approved certificate in accordance with NS-EN 287-1 and NS-EN SO 9606-2. Welding co-
ordination shall be in accordance with NS-EN I1SO 14731. The testing and quality plan shall be drawn up
in co-operation with an approved welding co-ordinator and inspector in accordance with NS 470,

All welds in plastic shall be in accordance with NS 416-2, Annex C. Certificate of plastic welders shall be
in accordance with NS 416-1.

9.8 Installation and repair

Correct and suitable welding equipment shall be used. Certified welders shall be used for installation and
repair of vital parts

Installation shall be undertaken during favourable external conditions, i.e. that the weather situation is
such that installation takes place in accordance with regulations. The technician shall at all times ensure
that the external conditions are satisfactory to perform proper installation.

9.9 Specification of floating collar for towing
The following documentation shall be prepared for towing:

— plan for attachment of towing hawsers and auxiliary system for towing;
— maximum towing velocity and allowed wave and wind loads when towing is in progress;
— controls that damage has not occurred after towing has been completed.

9.10 Special requirements for steel installations

9.10.1 Strength calculation

Strength calculation of marine fish farms shall be documented. Based on information regarding loads, the
following calculations shall be performed:

— global strength analysis, including the forces from mooring;
— local strength analysis;
— fatigue analysis.

Local analysis of construction parts of steel shall be performed in accordance with NS-EN 1993-1-1.
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9.10.2 Materials

Requirements regarding material factors shall be in accordance with NS-EN 1993-1-1 and safety factors
in accordance with NS-EN 1990. Material factors for steel installations shall be in accordance with Table
11. The capacity of the material shall be regarded as given by the yield strength.

Table 11 — Material factors for steel installations

Limit states Parameters Mate'-rial factor
Breaking strength Cross-section capacity B 11
Breaking strength Screw, t_JoIt, friction and welding 125

connections '
Fatigue limit All material factors. 10
Accident limit All material factors 1.0

Assessment and documentation of screw and bolt connections shall be performed. This includes an
assessment and documentation of capacity of bolts, screw shanks, hole edge, ripping out of the basic
material and cracks in the basic material.

9.10.3 Fatigue in parts of steel

A fatigue calculation shall be performed for all critical parts. Loads which vary in the wave frequency area
shall be taken into consideration.

The fatigue analysis shall be performed in accordance with NS-EN 1993-1-1.

Regarding installations having dimensions within limits where experience data is found, a simplified
fatigue analysis based on Weibull distribution can be performed. The Weibull factor shall then be set at
1.0 unless another distribution can be documented. The danger of natural frequencies in the construction
shall be assessed and documented, and natural frequencies shall be taken into consideration in
calculations in relation to design working life. The starting point shall be 20 years’ design working life in
the event of fatigue.

9.11 Special requirements for flexible marine fish farms

9.11.1 General

By flexible fish farm installations is understood in this Standard to be marine fish farms produced of
polymers, first and foremost plastic. Certain sequences can also be relevant where rubber is used as
material.

Dimensioning shall take place for all relevant limit states, and the loads and load combinations, load
factors and material factors that are used shall be stated. The loads, load combinations and limit states
used during dimensioning shall also be stated.

The capacity of a plastic pipe shall be regarded as exceeded in one of the following events, whichever
occurs first:

— flow occurs in the cross-section;
— local cracking occurs in the cross-section.
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9.11.2 Planning and development

9.11.2.1 Calculation of strength of the plastic installation

Stresses in the plastic floating collar shall be calculated based on the equipment's geometry, natural
frequency situation and external forces. For this purpose, the classic formulas or FEM analysis shall be
used according to the following principles:

— inthe event of small displacements and/or unchanged geometry or linear visco-elasticity, classic
formulas shall be used;

— in the event of non-linear material deformation and/or large geometrical changes, non-linear FEM
analysis shall be used.

Calculation of strains, displacements and danger of cracking shall be performed based on the material's
visco-elastic characteristics (elastic factors, Eqjg, Ere, €tc)).

In the event of strong anisotropy, first and foremost in reinforced plastic, consideration shall be paid to the
material’s visco-elastic characteristics in the calculation of strains, displacements, danger of cracking and
breaking.

The aim during planning of floating collars of plastic shall be to keep the shear stresses low by avoiding
great concentrated loads or surface pressure.

In the event of combined stresses the following breaking hypotheses shall be used:

— danger of brittle fractures: normal stress hypothesis
— danger of ductile fractures: shear stress hypothesis

The requirements regarding allowed strength loads in plastic installations shall be in accordance with the
stretch and shear strength data for the various materials, and shall be obtained from the plastic
producer’s supplier documentation. Requirements in relation to assessment and documentation of
shrinkage in the construction shall be set based on typical values for allowed stretching and stresses, as
indicated in the plastic producer's supplier documentation. Further calculation of this, where the stress
time, temperature and type of force (stress condition, static or dynamic situation, environmental
conditions etc.) shall be included, shall be performed based on the supplier data based on material tests.

The strength characteristics of the installation, especially in relation to long-term loads, shall be
documented.

The material factor for plastic shall be set at 1.25 for ultimate limit state and 1.0 for accident limit state.

9.11.2.2 Local cracking

Local cracking in plastic pipes usually occurs where the pipes are exposed to extensive bending forces,
such as in areas with locally concentrated loads. If the capacity for cracking is less than for flow, the crack
capacity shall be dimensioning.

Cracking is calculated as follows:

Fe=05t-D"-E
where:

F.= cracking stress;

t = thickness of pipe wall,

D = diameter of pipe;

E = elasticity module.
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9.11.2.3 Dimensioning of plastic against fatigue (danger of brittle fracture)

Fatigue shall be assessed and documented for all plastic materials which are exposed to high and
varying stresses This shall be seen in connection with cracking processes which result in brittle fractures
with static stretch forces.

Assessment and documentation of fatigue shall take the following conditions into consideration:

— increasing temperature leads to less fatigue strength;

— thick-walled pipes lead to quicker fatigue fractures because of potentially strong temperature
increases;

— fatigue is a result of frequency and high strain.

9.11.2.4 Use of polyethylene
Characteristics for pressure pipes of polyethylene shall be in accordance with NS-EN 12201-2
All material which is used, shall be UV stabilised in accordance with NS-EN 12201-2

9.11.2.5 Production

9.11.2.5.1 Control of production of pipes
Production of pipes shall be in accordance with NS-EN 12201-2

9.12 Special requirements regarding combined marine fish farms

For combined marine fish farms, such as marine fish farms where rafts together with floating collars form
a unit (the raft is integrated in the floating collar), the same characteristics shall be able to be documented
with regard to escape, such as strength, stability and buoyancy capacity, as for rigid, articulated and
flexible marine fish farm installation. The movement characteristics for the raft module against the floating
collar shall be documented

9.13 Special requirements regarding other types of floating collars

For other types of floating collars, full documentation is required for all measurements, calculations, tests
and simulations. Risk and safety levels shall be the same as for steel installations and flexible
installations

9.14 Requirements regarding documentation

9.14.1 Requirements regarding documentation of the floating collar’s planning and production
At a minimum the following documentation shall be available:

— assembly sketch of the floating collar with all relevant measurements drawn on;

— specification of which functional requirements shall be met;

NOTE This can e.g. be whether it is possible to drive a truck on the floating collar, or the size of boat

which can come alongside it.

— description of any redundance;

— description of the environmental loads which the floating collar shall tolerate, at a minimum loads
from wind, current, waves, temperature, ice and snow;

— description of the functional loads which the floating collar is dimensioned for, particularly
connected to direct operation of the marine fish farm instaliation, such as load from equipment,
feed, personnel, etc.

— description of the permanent loads on the floating collar in the form of weight/buoyancy, and the
distribution of them on the collar;

— description of accidental loads, such as negative loads because of breaks in the mooring lines
and loss of buoyancy;
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maximum weight and distribution on ice;
indication of limit conditions which are assumed, in the form of size, weight, solidity of the net
pen, maximum net pen drag and attachment of the net pen to the floating collar;

description of the mooring system, at a minimum the number of lines, pre-tension, rigidity of the
mooring system, and how the lines shall be led in and attached to the floating collar;

indication of mooring line forces, such as maximum allowed load on the mooring lines with regard
to both the whole of the marine fish farm installation, and each attachment point, as well as
maximum allowed vertical force with regard to drawing down of the marine fish farm installation;

design working life.

9.14.2 Marking of floating collars

All floating collars shall be supplied with an identification plate located in a well visible and easily
accessible place.

The identification plate shall contain the following information:

— satisfaction of the requirements in this Standard;
— circumference;

— highest wave and current exposure;

—  maximum load;

— any drivable axle load;

— design working life;

— date of production;

— journal number,;

— order number or project number;

— producer.

EXAMPLE NS 9415, maximum wave height: 1 5 m, max. current 1.0 m/s, maximum load 50 tonnes,

drivable axle load 4 tonnes, 20 years’ design working life, 2003-03-17, journal number 0001, order number
68745, name of producer.

The identification plate shall accompany the floating collar for the entire design working life, including after
changes and modifications. All modifications and repairs shall be logged and referenced against the
number on the identification plate.

9.14.3 Assembly/repair log

After assembly is completed an assembly log shall be kept which confirms that the assembly has been
performed in accordance with the order and in accordance with this Standard. The log shall show the
journal number, order number and production date for each part. it shall be signed by the responsible
technician. The same applies to repair work. Together with the identification plate, the log shall facilitate
traceability in regard to applicable requirements.

10 Requirements regarding rafts

10.1 General

The requirements in this chapter assume that one also knows the requirements in the other chapters in
the Standard.

10.2 Planning

10.2.1 General

Dimensioning of rafts shall be suitable for the material from which it is made, as well as the loads which
occur for this type of vessel.

In general, dimensioning shall deal with the raft's global strength capacity as well as local strength,
particularly for the attachment points towards other main components, such as mooring.
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The superstructure shall be dimensioned for loads from waves which could occur at a site. It shall be
documented that hatches, doors and windows shall satisfy the same requirements. Alternatively, it shall
be documented that the buoyancy capability of the raft is present after water penetration has occurred.

Maximum load for the raft shall be stated.

10.2.2 Dimensioning of steel rafts
Dimensioning shall take place in accordance with recognised methods, such as NS-EN 1993-1-1.

NOTE Other examples of recognised methods are described in the rules laid down by ships’
classification companies.

The results of dimensioning shall appear on a profile and plan drawing where all dimensions shall be
stated. Further, the following documentation shall be prepared as a basis for production:

— profile, plan and section giving dimensions of parts;

— welding table specifying welding details and subsequent inspection of welding joins with the use
of NDT.

Dimensioning waterline in calculations shall be in accordance with the calculated maximum draught The
raft shall be dimensioned according to which of the following two criteria gives the highest requirements
regarding the parts:

— the dimensioning waterline shall be used, and reinforcements in the bow and stern shall be
ignored;
— bow and stern are calculated with the draught equivalent to a light ship condition.

10.2.3 Dimensioning of rafts of concrete
The dimensioning basis and use of materials shall meet the following requirements:

— reliability Class 2, medium impacts in the case of failure in accordance with NS-EN 1990,
— planning control in category normal in accordance with NS-EN 1990.

Dimensioning shall also take place in accordance with NS-EN 1992-1-1, with the following material
factors and exposure class:

—  the material factor vy, is set at 1.40 for concrete, and 7 is set at 1.25 for reinforcement;
— the exposure class shall be XC3 in accordance with NS-EN 1992-1-1.

10.2.4 Dimensioning of rafts of other materials
Dimensioning shall be performed in accordance with recognised methods.

In the use of recognised methods for strength calculation of the relevant material, the raft's strength
capacity shall be documented for all construction parts when adding the above-mentioned loads.

10.2.5 Foundations for extra equipment

The foundations for equipment with untaden weight or a load of over one ton shall be documented in
separate calculations. Further, a drawing shall be available of such foundations with an added capacity
for appurtenant equipment.
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10.3 Stability

10.3.1 General

Here it must be distinguished between intact stability and stability in the event of damage. Stability shall
be documented with the aid of calculations. Heeling tests shall be performed in order to verify the placing
of the centre of gravity, as well as light ship weight. For serial productions, the heeling test can be
dropped if it can be documented that the light ship’s weight does not deviate more than 5% from the
tested example, and that no changes have been made which can affect the placing of the centre of
gravity. Heeling tests can be dropped if it can be documented that:

— the type of construction does not allow a heeling test to be performed,;
— the stability is calculated with an adequate margin;

— placing of the centre of gravity and light ship’s weight is determined with certainty in another
manner.

10.3.2 Intact stability
In the event of intact stability, the raft shall meet the following minimum requirements:

— The area under the GZ curve from 0.00 degrees to the righting arm at a maximum, shall not be
less than 0.08 m-rad;

— 0.05 m-rad is used if the raft is unmanned or the raft shall only be placed at a site with
dimensioning, significant wave height equivalent to 2.0 m. By an unmanned raft is meant a vessel
where there are no arrangements for overnighting;

— Static heeling caused by an evenly distributed [oad of 0.54 kPa (equivalent to a wind velocity of
30 m/s), shall not exceed a heeling angle equivalent to half the freeboard in the relevant
conditions. The arm in the wind element shall be measured from the centre of the area on which
the wind acts to half the draught;

— GZ shall be positive to 15 degrees as a minimum.
At a minimum, and where it is relevant, these requirements shall be verified for the following conditions:
— light ship
— light ship with full water tanks and diesel tanks;
— fully laden with the intended type of load;
— half-laden with the intended type of load.
If the raft is intended to operate in seas where there is danger of icing, this shall be clearly stated. Loads

from ice in calculations shall be obtained from para. 5.5. At a minimum, and where it is relevant, the
following conditions shall be verified:

!

light ship with load from ice;

— light ship with full water tanks and diesel tanks as well as load from ice;
fully laden with the intended type of load as well as load from ice;
half-laden with the intended type of load as well as load from ice.

The calculation shall show the raft's maximum draught and trim area. Instructions shall be given in the
user handbook regarding allowable load distribution. Instructions for allowable load distribution shall be
posted on board and published to the relevant users

Beyond this, it shall be assessed and documented whether there is a requirement to investigate special
conditions adapted to the individual construction
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10.3.3 Damage stability

Under the freeboard deck the raft shall be divided into three or more watertight sections. These shall be
arranged so that the raft in the event of the puncturing of a random watertight section shall still retain
sufficient buoyancy under alil load conditions:

Definitions of damage:

1) Damage is anticipated to be able to occur anywhere over the whole length of the raft between
watertight transverse bulkheads.

2) Vertical extent of damage is anticipated to be equal to the depth of the raft calculated from the
freeboard deck, but without this deck being regarded as damaged.

3) Transverse extent of damage is anticipated to be equal to 0.76 m measured inwards from the
side of the raft perpendicularly on the centre plane at the level of the load line.

4) A watertight longitudinal bulkhead with a depth of 0.76 m or more from the side of the raft and
which stretches between watertight transverse bulkheads and which has a depth of 0.76 m or
more inside the side of the raft, shall be regarded as a watertight transverse bulkhead in relation
to damage. The ends of the raft shall not be regarded as bulkheads.

5) If damage of a lesser extent than mentioned under paras. 2 and 3 results in a more critical
condition, this damage shall be anticipated.

6) If pipes, channels or tunnels are placed in the anticipated damage area, the arrangement shall be
such that it does not entail filling beyond that which is anticipated in the calculations in each
damage event.

7) The following permeability figures are used:

— fittings for spaces and dry cargo 0,95

— empty spaces and tanks 0,95
— engine room 0,85
— stores 0,60.

10.3.4 Watertight integrity
A drawing shall be prepared showing the division into watertight sections.

Doors and routings in these bulkheads shall meet the requirements set out in NS 6082 and have
sufficient watertight integrity documented Openings in the freeboard deck towards underlying volume
shall be of weather-tight design. Doors in to the stairwell shall have a threshold in accordance with the
load line convention. Breather tubes from tanks which can cause pollution, shall have an approved
automatic shut-off valve installed.

All ventilation of tanks, ventilation shafts and other openings which lead to rooms under the freeboard
deck shall:

— have a minimum height over the freeboard deck of 760 mm;
— have opening heights above deck which with a 15-degree heel in a fully loaded condition does
not come under water.

If openings to rooms under the freeboard deck have heights of between 760 mm and 2300 mm above the
freeboard deck, a closing valve shall be installed.

Bulkheads shall be able to be fitted with flush hatches. These shall be marked and kept closed in high
seas.

10.3.5 Loads from ice in the stability assessment

Calculations shall include unequal distribution of ice with the greatest load from ice both on the horizontal
and vertical surfaces in relation to the ice class at the relevant site (see para. 5.5) on the one side and no
ice on the other side. In calculations, ice shall be treated as accidental foad.

10.3.6 Freeboard

The freeboard mid-ships shall be determined based on stability, trim and hull strength. This is the design
waterline of the freeboard.
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The following requirements apply to the freeboard, Fpp.

Frin > 17 X LOA + kq +k, [mm]
where:
LOA s the raft's greatest length expressed in metres;
k; is determined by the wave height in accordance with Table 12;

ko, is extra freeboard requirement at cross-mooring, set at 2000/B where B is the raft’'s greatest width
in metres.

Table 12 — Freeboard requirements in relation to wave height

Dimensioning, significant wave height, Hg k4
m mm
Hs<0,5 300
05=Hs< 10 400
1,0sHs< 20 500
2,0=Hs< 3,0 600
Hs=3,0 700

10.3.7 Load line

Each longitunal side of the raft will be appended a mark in the form of a white stripe, 400 mm long and 25
mm wide. The mark shall be placed so that the distance from the upper edge of the mark to the upper
edge of the deck is at a minimum equivalent to the minimum requirement for freeboard. Further, under no
circumstances shall the line be placed higher vertically than that the upper edge of the mark is lower than,
or equal to, the dimensioning waterline indicated in the paragraph dealing with freeboard. The mark shall
be well visible and not covered by fendering etc.

When the raft is in use, it is the user's responsibility always to ensure that the raft is not loaded higher
than the load line.

10.3.8 Pump and hosing systems

It shall be documented that the raft is equipped with sufficient pumping capacity for each of the watertight
sections. There shall be separate systems for pumping of watertight sections and hosing.

Pumping capacity should be ensured with at least two pumps, each with a capacity, Q, of:

Q=@ - 5,75/1000
were

0 =1,68-,/[(B+D)+25

and

is the length of the section (m);
is the width of the section (m);

is the depth of the section (m);

is the pumping capacity (m3/h);

8 O T wr

is the pipe bore (mm).
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Each watertight section shall have a permanent possibility for pumping. The requirement for pumping
may nevertheless be waived if the number of watertight sections is so many that the risk of filling with
water is negligible in relation to buoyancy and heeling.

10.3.9 Hull penetrations

Hull penetrations for pipes and hoses shall be watertight. It shall be documented that the feed hoses
cannot function as water carrying hoses with the appurtenant danger of filling rooms and reduction of
buoyancy. The safeguarding systems may also be documented in the user handbook. In addition, the
feed hoses or other equipment shall not penetrate the hull lower than 400 mm under the freeboard deck.

10.4 Fire and safety

A safety plan shall be drawn up showing the piacing of fire, rescue and safety equipment. A valve shall be
installed on the fuel system which shall be able to be operated outside the engine room.

10.5 Production

10.56.1 Competence

All welders and installation technicians shall possess documented competence to perform the processes
they actually perform. The same applies to inspectors and those performing tests, i.e. in the form of NDT
All welds on the hull shall be performed in accordance with approved procedures. Welders shall possess
an approved certificate in accordance with NS-EN 287-1 and NS-EN 1SO 9606-2. This also applies to
welders performing repairs.

10.5.2 Inspection of steel rafts

NDT in the form of x-ray examinations of weld connections shall be undertaken in accordance with NS
470 and NS-EN 473.

10.6 Mooring and towing

As a main rule, a raft shall not be constructed so that it is moored directly on to the floating collar. Any
connections between raft and floating collar shall be the weakest link. Rafts can be exempt from the first
requirement if it can be shown through calculations that the floating collar with appurtenant mooring is
dimensioned for mooring of rafts.

Mooring of the rafts shall take place on the basis that all mooring parameters with appurtenant
specifications are given. This includes that the number and placing of the attachment points are given.
The greatest strength and three-dimensional direction (or limit values for three-dimensional direction) for
each attachment point shall be given. Material and planning of all attachment points shall be specified. .

NOTE The variations in the line characteristics of the various mooring lines can give large loads.
For towing, the following documentation shall be drawn up:

attachment point for towing hawsers;
— maximum towing velocity and allowed wave and wind loads when under tow.

10.7 Requirement for documentation of planning and production:
The requirements for documentation are as follows:

— assembly drawing of the raft showing all relevant measurements;
— specification of functional requirements which shall be met;

NOTE For example, this can be if it is possible to drive a truck on the raft, or how large a boat can
come alongside.
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description of the environmental loads it shall tolerate, at a minimum, wind, current, waves,
temperature, ice and snow, particularly in relation to stability;

description of the functional loads it is dimensioned for, particularly connected to direct operation,
such as load from equipment, feed, personnel, etc.;

description of the permanent loads on the raft, in the form of weight/buoyancy, and distribution of
them;

description of accidental loads, for example unequal load because of a break in the mooring line,
no buoyancy in a watertight section, etc.;

statement of limit states that are assumed, in the form of size, weight, maximum load, etc.
greatest weight and distribution of ice;
description of requirements for the mooring system;

statement of the force of the mooring lines, i.e. maximum allowed force of mooring lines with
regard to the whole raft and each part, as well as the largest allowed vertical force with regard to
drawing down or heeling of the raft;

design working life.

Each raft shall be equipped with a stability log, which at a minimum shall contain the following:

the main dimensions and capacities of the raft;
general arrangement;

tank plan;

watertight integrity plan;

results of heeling tests, or results from heeling tests of a prototype with confirmation of
accordance;

any instructions regarding loading;
calculation of ice load;

intact stability, state 1 -7,
damage stability;

hydrostatics;

Cross curves.

The stability log shall be available with drawings of the raft's overall dimensions, such as built, and with
stability updated with the results of the heeling tests.

10.8 Marking of rafts

The equipment shall be marked with the following information:

reference to this standard;

maximum load;

any drivable axle load (use of truck or similar);
date of production;

producer.

EXAMPLE NS 9415, maximum load 50 tonnes, drivable axle load 4 tonnes, 2003-03-17, Omvega A/S

Each raft shall be delivered with a rigidly mounted unique identification number.

Parts which are included shall be entered on to a parts list which ensures traceability.
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11 Requirements for mooring

11.1 General

The requirements in this chapter assume that one also knows the requirements in the other chapters in
this Standard.

11.2 Planning and production

11.2.1 General

A mooring shall keep the marine fish farm in the correct position and in a three-dimensional position. The
mooring shall not affect the remainder of the marine fish farm in such a manner that it increases the
danger of fish escaping. This means that the mooring shall be designed based on the site's
environmental conditions and use, as well as the characteristics provided by the designer of the floating
collar. The mooring shall be designed based on the information regarding additional loads from the net
pen and any extra equipment, as well as information regarding how these will move during use and under
all environmental circumstances that can occur.

The starting point for the requirements for mooring shall be the dimensioning values given in site surveys

Loads from the mooring system on the floating collar shall be within the limitations given by the supplier of
the floating collar.

11.2.2 Dimensioning of the mooring

The accidental limit state shall be set based on the following events: progressive breaks, drifting, capsize
or sinking in the event of special loads such as collision with a boat, raft or extra equipment. Two aspects
shall be checked:

— breaks in a mooring line: Conditions i para. 6.5.6.2 shall be calculated and documented. The
material factor in Table 13 shall be divided by 1.5;

— spring tide: The marine fish farm shall tolerate a rise in water level of 1 meter in addition to
current and waves. The material factor shall be divided by 1.5.

The requirements shall be regarded as met if the following types of error are documented with sufficient
certainty:

— rise in water level: The water level rises to one metre above the upper tide water teve! (storm
surge). Sufficient strength and flexibility shall be documented for the mooring lines and
attachments for them. The effects of wind, waves and current shall be incorporated in the load
combination;

— drifting: The conditions in para.6.5.6.2 shall be used as a basis. The planned strength in these
conditions and their resistance to drifting as a result of further progressive breaks in mooring lines
and the attachments for them shall be checked. The effects of wind, waves and currents shall be
incorporated in the load combination.

The serviceability limit state shall be evaluated and documented based on the danger of reduced
functional capability or reduced durability under normal conditions.

NOTE Examples of this are undesirable movements of the marine fish farm, local damage without
further impact, and damage which affects the marine fish farm in relation to design working life.

11.2.3 Specifications for floating collar with net pen

The mooring shall be adjusted to the specifications from the producer of the floating collar
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11.2.4 Principles for planning and dimensioning

11.2.4.1 Characteristics
The mooring system shall be dimensioned to:

tolerate all expected loads and deformations with satisfactory safeguarding against breaking;
function satisfactorily based on the environmental conditions at the locality and use as well as the
chosen floating collar with net pen and extra equipment;

be sufficiently safeguarded against an unforeseen event developing into an accident of larger
proportions than the causing event;

possess sufficient durability against destructive effects of a mechanical, chemical, physical or
biological nature (corrosion, rotting, crumbling away, photochemical oxidisation etc.)

11.2.4.2 Arrangement and three-dimensional geometry

During planning of the mooring system, consideration shall be paid to both the character of the site and
the specifications of the marine fish farm itself. The following requirements shall be met:

— the size and three-dimensional direction of the forces exercised by the mooring on the floating
collar shall be in relation to the specifications set by the designer of the floating collar;

— the aim shall be have the individual mooring line approximately the same length where this is
possible based on the marine fish farm installation’s placing and the (bottom) topography of the
site;

— the mooring lines shall be laid so that they follow the bottom topography. This also means that
they shall not be exposed to chafing against rocks, stones or other hard objects on the bottom;

— no chafing shall take place between different lines, and lines crossing one another shall be
avoided as far as possible;

— the mooring lines shall be laid so that the mooring system shall not lead to chafing on the net pen
or other main components, and documentation for this shall be provided.

11.3 Requirements for construction parts

11.3.1 Chains

The choice of chains shall take place based on requirements for strength in relation to the mooring
calculation.

When chains are used for the bottom attachment, both stud link chain and studless chain can be used.
Used chain can be used, but with a material factor in accordance with Table 13. Consideration shall be
paid to a reduction in nominal diameter due to previous wear. This chain shall satisfy the requirements
stated in ISO 1704, however, this requirement can be waived if it can be documented through the
mooring analysis that it is appropriate. At a minimum the chain shall be delivered with Test Certificate 3.1
in accordance with NS-EN 10204.

In other parts of the mooring it will be appropriate to use lighter chain with a higher tensile strength. This
shall be protected against corrosion, tempered, and maximum Ciass 7. The chain shall have an inward
link length of maximum 6.58 x diameter.

All chains shall be load tested under production for welding and material faults. Corrosion protection shall
consist of hot-dip galvanizing or methods giving equally good protection. Load testing shall be performed
on all chains after corrosion protection, and the method of this shall be described. The chain and its
components shall be tested in accordance with the requirements in NS-EN 1677-1, NS-EN 1677-2,
NS-EN 1677-3 and NS-EN 1677-4. Load testing in the form of tensile testing shall be done up to 62.5 %
of the breaking load on each part.

For information regarding hydrogen embrittlement and stress corrosion, see informative Annex 1.

The chain shall be delivered with a test certificate, at a minimum 3.1 in accordance with NS-EN 10204,
which confirms compliance with the testing regime of the above-mentioned standards.

NOTE: By "test certificate in accordance with the NS-EN 1677 series” is meant the same as "the
producer's self-declaration/producer certificate”.
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When laying out moorings, consideration shall be taken to the chain’s characteristics, i.e. applied force
and minimum diameter of the chain drum. Any requirements and limitations for laying out shall be
specified by the chain supplier and included in the mooring user handbook

11.3.2 Shackles
Shackles for use in the moorings shall meet the requirements stated in NS-EN 13889.

Shackles especially developed for fish farming can be used if they meet the general requirements for
shackles that are mentioned above. The producer shall then be able to document accordance between
breaking load / deformation load in accordance with para. 6.5 and Table 13 in this standard.

Shackle bolts shall be doubly secured.
NOTE 1 Double securing can be in the form of nuts and cotter pin.

The cotter pin shall be of a corrosion-resistant material / surface coated and must not contribute to
increased corrosion of other parts of the shackle.

NOTE 2 The cotter pin can be made of plastic-covered and/or galvanised steel wire

All shackles shall be documented with a traceable material certificate for bow and bolt. The minimum
breaking load (MBL) of the shackle shall appear in the documentation.

For connection and splicing of the stud link chain, shackles which meet the requirements in ISO 1704 can
be used. They shall be dimensioned as chain parts in accordance with Table 13.

11.3.3 Connecting elements

Connecting elements of different designs are allowed to be used. The condition is that sufficient strength
can be documented for the area of use in the mooring system. This means evaluation of three-
dimensional strength.

Lifting lugs at the connecting point shall be dimensioned as lifting equipment in accordance with

NS-EN 1677. Consideration shall be paid to pre-tension when the connecting point is lifted. Connecting
points (coupling discs) of steel shall be dimensioned so that the first yield will always occur in one of the
attachment points for the mooring lines and never in the plate itself.

Capacity shall be calculated in all possible break sections, and yield stress shall be regarded as capacity
criterion. Flow capacity shall not be higher than 270 MPa. A material factor of 1.5 shall be used. It shall be
stated whether probable crack sections are found which result in fractures, such that several mooring
lines loosen from the connecting point.

For coupling elements of rope, a safety factor shall be used as for regular knots. Chafing shall be
especially assessed for the specific solutions. In addition, outgoing ropes shall be clearly marked with
codes so that the placing of the respective ends in the system is stated. For such connections, all
possible breaks having a capacity of less than 1.8 times the break surface with minimum break capacity
shall be anticipated as accidental load (see para. 6.5.6.2).

11.3.4 Fibre rope

3-strand rope and/or hawsers (braided) of various fibres shall be used for moorings where there is a
requirement for fibre ropes. They shall meet the requirements in NS-EN ISO 1346, NS-EN 1SO 1140 and
NS-EN ISO 1141 for polypropylene (PP), nylon (PA) and polyester respectively. Other types of fibre rope
can be used, provided that they satisfy the requirements which can be derived from the mooring analysis.
All fibre ropes shall be accompanied by a test certificate certifying compliance with the above-mentioned
standards.

Synthetic rope shall not be laid over sharp edges which can cause wear and chafing when the rope is
under load. When using knots, consideration shall be paid to the weakness in the rope that the knot
represents.

NOTE A synthetic rope is greatly weakened in areas with knots, with a strength reduction of
approximately 50% There must be a curvature diameter of approximately three times the rope diameter in order
for the rope not to be weakened considerably.
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11.3.5 Buoys

Only buoys that are dimensioned to tolerate submersion with the greatest load on the moorings lines shall
be used. The minimum breaking strength shall be stated. The buoy and attachment shall tolerate external
forces from: waves, current, icing, drift ice, flotsam and boats. Connection to the buoy shall be
dimensioned as liting equipment in NS-EN 1677. Steel details shall be sufficiently protected against
corrosion to be able to prevent corroding throughout the buoy’s dimensioned useful life.

11.3.6 Bottom anchor points

11.3.6.1 General

Dimensioning of bottom anchor points shall be based on thorough charting of the bottom conditions at the
site, see para. 5.6. All bottom anchor points shall be suited to the site’s depth, topography and type of
bottom, including assessment and documentation of the holding power of the bottom substrate. The
holding power of the bottom shall be assessed and documented both as regards ultimate limit states and
accidental load limit state.

11.3.6.2 Anchors

Dimensioning of anchors shall be undertaken with regard to the geological conditions at the site and/or on
the basis of the results of test loads. It shall be established that the holding power of the bottom is
sufficient in relation to the mooring analysis. The holding power of the anchor shall exceed the
dimensioning force in the mooring line in order to take into consideration that the anchor is exposed to
constant stretching combined with cyclical load.

11.3.6.3 Rock bolts
Rock bolts shall be tempered and protected against corrosion.

All rock bolts shall be documented with a traceable material certificate, at a minimum 3.1 in accordance
with NS-EN 10204. The minimum breaking load (MBL) of the rock boits shall be stated on the
documentation.

Installation procedure shall be available and be followed.

The producer shall be able to document consistency between the smallest breaking load / deformation
load in accordance with Table 4 and Table 13 in this Standard. The producer shall then be able to
document consistency with the minimum breaking load / deformation load.

11.3.6.4 Dead weight moorings

By the use of dead weight moorings, the slide resistance and resistance to rising as well as the
combinations of them shall be calculated. It shall be substantiated that the holding power of the dead
weight mooring is at least twice the dimensioning force in the mooring.

11.3.7 Attachment points to floating collar

The holding power of all attachment points shall be documented. This shall be done either by empirical
data from the supplier or carrying out tests.
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11.4 Materials

The materials shall be in accordance with the documentation from the supplier. The producers shall have
documentation which states producer, trade name, material type, characteristics and marking of the
product. The characteristics shall derive from the result of tests carried out in accordance with
documented methods. Relevant characteristics shall be documented. For steel, the following shali be
included in the documentation at a minimum:

maximum and minimum hardness and strength;

impact resistance at LAST (Lowest Ambient Surface Temperature);
ambient temperature;

— chemical composition of the steel.

The documentation shall be included in a material certificate.
The material factor shall be used in accordance with Table 13.

Tabell 13 — Material factors for moringlines

Type Material factor

Synthetic rope 3,0
Synthetic rope with knots 50

Chains and chain components 2,0

Used chains 50
Coupling discs and other connecting points of 1.5

steel*

Shackles 2,0

Rock bolts and other bottom attachments 3.0

*First yield |

For parts where the material factor is not stated in Table 13, the producer shall state the product's
material factor. This shall be documented.

Material factors for parts are based on installation and use in accordance with the supplier’s instructions
for use. In the event of load angle not included in the description in the user instructions, the material
factor shall be adjusted in co-operation with the producer. Coupling discs are calculated in relation to the
first yield.

11.5 Corrosion

Regarding mooring parts of steel that are not inspected annually, the thickness shall be expected to
decrease by 0.4 mm per year between each inspection.

11.6 Fatigue

11.6.1 General

Fatigue is dependent on load variations over time. Consideration shall be paid to loads which vary with
wave frequency.
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11.6.2 Fatigue in chains of steel

A fatigue analysis shall be carried out for chains of steel. Fatigue of chains shall be calculated in
accordance with SN curve methodology, with the number of cycles to break, n (s):

log (N(s)) = log(a) - m - log(s)

It shall be expected that no fatigue limit and m-value shall be 3.0. The following a-values shall be used:
Studless chain:a=6 - 10"
Stud link chain:a= 1,2 10"

A starting point of 20 years design working life shall be used.

NOTE Lifetime for stud link chain is strongly dependent on how well the stud is fixed. It is therefore
recommended that studless chain be used.

For more information, see Annex, DNV OS-E301.

11.6.3 Fatigue in synthetic rope

If requirements for the tension level for ordinary polypropylene rope are met (up to 170 MPa), the rope is
regarded as having sufficient fatigue capacity if all other requirements regarding material, design working
life and inspection are satisfied. If rope with a higher breaking stress than this is used, an equivalent
fatigue capacity shall be documented through testing.

11.7 Swing mooring

It shall be documented that the mooring system for a swing mooring has a redundance which gives at
least the same security as the mooring system for marine fish farms designed on the background of this
Standard. Further, it shall be documented that the mooring can be placed in a site under the conditions
that are described in the site survey.

11.8 Mooring of rafts

As a main rule, a raft shall not be designed so that it is moored directly to the floating collar. Any
connection between the raft and floating collar shall in that case be the weakest link. Rafts can be
excepted from the first-mentioned requirement if it can be proved by calculations that the floating collar
with appurtenant mooring is dimensioned for mooring of rafts.

Mooring of rafts shall take place on the basis that all mooring parameters with appurtenant specifications
are given. This includes that the number and placing of attachment points are given. The largest force
and three-dimensional direction (or limit states for three-dimensional direction) for each attachment point
shall also be stated. Material and planning of all attachment points shall be specified

NOTE The variations in the line characteristics of the different mooring lines can put great loads on the
raft.

Mooring of rafts shall be calculated and dimensioned according to the same rules as for floating collars
with net pens and extra equipment.

Mooring of rafts shall not be designed so that it can cause damage to the mooring of the marine fish farm
itself, floating collar or net pen. This shall be documented.

In placing the raft in relation to the rest of the marine fish farm, consideration shall be paid to the
prevailing direction of wind, waves and current, as well as the danger of icing. Rafts shall preferably be
laid out on the leeside of the marine fish farm.

11.9 Requirements for laying out and after-inspection

Laying out shall take place in accordance with a laying out plan. After the mooring is laid out, the
requirements in the mooring calculations shall be controlled for compliance. In the case of significant
deviation in positions and depths in relation to the calculations which have been used as the basis for the
laying out plan, it shall be verified that the change has not led to significant weakening of the mooring.
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Layout out of moorings shall take place so that none of the mooring elements are damaged during the
laying out process.

NOTE Chain can be damaged by the pulley/wheel/drum that the chain moves over having a diameter
that is too small, that too few (there shall be at least four) chain links have a contact surface against the
wheel/pulley, or that it is exposed to great a load during the laying out phase from self-weight combined with the
weight of sinkers and bottom attachments The latter can be avoided by the bottom attachments being sunk by
the use of a crane which via wires is fixed to the uphaul of the bottom attachment

After laying out a visual control shall be performed to ensure that the result of laying out has taken place
in accordance with the laying out plan. Before fish are set out in the marine fish farm, it shall be
established by tests and/or after-inspection of the whole of the mooring, including anchors and rock bolts,
that the mooring has the characteristics required by the mooring analysis, including holding power of the
bottom attachments.

Further inspection and/or testing shall take place according to a fixed plan which includes time intervals
for inspection and testing, based on risk analysis. This shall also include listing of events which shalll
result in any increased after-inspection and testing, as well as the plan for (periodic) replacement of parts.

11.10 Requirement for documentation

A sketch showing measurements of the mooring at the site shall be available. The producer or supplier of
the mooring system shall document that the system is suitable for the site. This shall be supported by
calculations and dimensioning. There shall be a documented analysis of the relevant mooring system
available at all sites.

A specification shall also be available of each anchor or bottom attachment. At a minimum this shall
include a product statement (concrete weight, drag anchor, rock bolit, etc.) as well as mass and weight
and/or expected holding power

A specification of each shore attachment shall be available. At a minimum this shall include dimensions of
the bolt, attachment method, corrosion protection, ground conditions and other relevant data.

A documented assessment shall be available of the impact of accidental loads such as unequal loads
because of a break in the mooring line, loss of floater, dragging of anchors and similar occurrences.

Documentation of the mooring system shall give a description which is good enough to be able to
assess/recalculate the moorings. Requirements for documentation of the mooring system’s planning:

— specification of each mooring line, at a minimum an overview of building up in segments with
bottom attachment/shore attachment, line type, grommets, shackles and other extra equipment.
The mooring line’s diameter, breaking strength, buoy, deadweight with weight, volume and
placing and material data such as elasticity and weight per unit of length shall be stated where
relevant;

— fundamental assembly drawing of the marine fish farm with laying patterns, attachment points,
indication of line lengths and length/depths of depth-dependent line lengths;

— expected limit states in the form of functional requirements which shall be met, i.e. whether the
gangway shall be connected, or whether the wellboat shall be able to come alongside the marine
fish farm;

— assumed limit conditions in the form of what loads the mooring system can tolerate, including
which maximum mooring line stretch can be expected as a result of static and dynamic
movements in the terminal point. Loss of a random mooring line shall not entail progressive
breaks in the mooring system or resulting damage to the floating collar / net pen;

— all certificates and declarations which confirm the compliance of parts with Standards and other
specifications and requirement documents;

— stated design working life on all parts.
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Annex A (informative)
Background information for site survey

A1 Introduction

The Annex provides background information for the description of the marine fish farm’s exposure to
waves, current and wind.

A.2 Site classification

The tables in this paragraph are used for conversion of site classes determined by the use of the first
edition of the Standard and to describe the greatest exposure to wave and current in this edition of the
Standard.

Table A.1 — Wave classes at the site decided by dimensioning,
significant wave height and wave period
(in accordance with the 1% Edition of NS 9415)

Wave Hs T, Designation
classes m s
A 0,0-05 0,0-2,0 | Little exposure
B 0,5-1,0 1,6 —3,2 | Moderate exposure
C 1,0-20 25-51 Substantial exposure
D 20-3,0 40-67 High exposure
E >30 5,3-18,0 | Extreme exposure

Table A.2 - Classification of site based on midcurrent
(in accordance with the 1% Edition of NS 9415)

Current Ve Designation
classes mis
a 0,0-0,3 | Little exposure
b 0,3-0,5 | Moderate exposure
c 0,6-1,0 | Substantial exposure
d 1,0-1,5 | High exposure
e >1,5 Extreme exposure
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A.3 Description of parameters

A.3.1 Wind

A.3.1.1 Wind in the coastal zone

Expected extreme wind is almost the same along the coast from Lindesnes to Nordkapp (NS-EN 1991-1-
4). Typically, the one-year wind lies around 28 m/s and the 50-year wind around 35 m/s along the outer
coast. The wind drops off inland from the coast. This is due to the fact that the wind is reduced as a result
of friction over land. A wind of 10 km — 20 km in from the coast can be 20 % — 30 % lower than the wind
outermost in the skerries. After this the 50-year wind in the coastal zone typically varies between 25 m/s
and 35 m/s. Generally, the onshore wind will be considerably stronger than the offshore wind.

Since the wind varies relatively little along the coast, there is little point in describing the site according to

the wind climate

Norsk Standard NS-EN 1991-1-4 indicates the 50-year wind for areas with scattered small buildings and
trees (Terrain Category II) as reference velocity. For areas near the coast without trees and bushes

(Terrain Category |) the wind is 17 % higher.

A.3.2 Waves

A.3.2.1 Swells

Ocean swells are waves which push in from the sea. A fish farm will usually be located in an area which
is relatively well protected from direct wave occurrence from ocean swells, behind islets and skerries.
The wave height for incoming ocean swells will therefore be significantly lower than for the sea outside.
The wave period, however, will be almost unchanged. Incoming ocean swells (high waves) will typically
have peak periods in intervals of 10 s — 18 s, increasing with the increasing wave height.

A.3.2.2 Locally generated wind sea

Locally generated wind sea is set up in the sea area around the fish farm. This sea is completely
determined by wind velocity, duration of the wind and the effective fetch length. The fetch length is the
distance from the fish farm to the nearest land calculated in the wind direction. The effective fetch length
depends on the width of the fetch. In the case of narrow fjord arms, the effective fetch length can be
significantly less than that measured.

It can be expected that the wave height increases (almost) proportionately with the wind velocity and
proportionately with the square root of the fetch length. Examples of the connection between waves, wind
and fetch length are given in Table A.3. It will be seen from the table that the peak period for locally
generated wind sea is typically 2 s — 7 s, that is to say significantly lower than for ocean swells.

Table A.3 — Examples of calculated significant wave period and peak period in varying wind
velocities and fetch length

Wind velocity ' Effective fetch length
3 km 10 km 30 km
Significant Peak Significant | Peak period | Significant Peak
wave height period wave wave height period
' height

m s m s m s

10 0,3 21 0,6 3,1 1.1 4.4

20 0,8 2,8 1,5 4.1 2,5 49

30 1.4 3,3 2,5 49 4,4 71
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A.3.2.3 Description with regard to wave exposure

There is a great difference in the peak period for ocean swells and locally generated wind sea. This is
significant for the response of various marine fish farms to wave occurrence. It seems, therefore,
appropriate to differentiate between areas stated in type of sea:

— areas (H) where ocean swells prevail;
— areas (V) where wind sea prevails

In addition to the type of sea state, one must differentiate between the degree of exposure to wave
occurrence. A description is most effectively achieved by stating dimensioning, significant wave height.

A.3.2.4 Determining wave height

The wave height at the place of location of the fish farm can be determined in several ways, i.e. based on
information from local area experts upon on-site inspection, calculations based on wind data, calculations
based on information about incoming ocean swells, or based on measurements.

A.3.2.4.1 On-site inspection

It will often be possible to arrive at a relatively good description after an on-site inspection of the relevant
fish farming location. Local area experts will as a rule be able to give an estimate of the largest waves
occurring in the area during the year. This estimate can be assumed to be equivalent to the one-year
significant wave height. The 50-year significant wave height for wind sea is approximately 25 % higher.
Upon inspection, information will also be obtained regarding the wave height by studying how high the
waves break along shore, the height of the vegetation above water level, how high driftwood, seaweed
etc. is washed up along the beach, whether the waves break over quays, etc.

A.3.2.4.2 Calculation based on wind data

When the fish farming site is protected against incoming ocean swells, the wave height can as a rule be
calculated based on wind data. This assumes that the long-range wind statistics from a nearby weather
station are available. Significant wave height is determined based on the wind velocity and fetch length,
that is to say that the free sea area over which the wind blows calculated in the wind direction. The 50-
year wave is equivalent to the wave calculated based on the 50-year wind.

A_3.2.4.3 Calculations based on incoming ocean swells

When the fish farm is mainly exposed to incoming ocean swells, the wave height will be able to be
calculated based on information (long-range statistics) about the wave height on the sea. This assumes
that the open sea outside the fish farm installation is fairly clean, i.e. there are few underwater rocks and
skerries over which the waves break. If the open sea outside is not clean, the uncertainty of such
calculations will often be too great.

A.3.3 Currents

A.3.3.1 Wind-induced currents

When the wind blows over the sea, parts of the wind energy are transferred to the surface of the sea, and
a wind-induced current is set up at the same time as the wind contributes to mixing the water masses. If
the sea is almost homogenous (i.e. the density is about the same in the depths), larger parts of the wind
energy are used for mixing and less for inducing wind currents. If there is a strong layer division in the
water, which there often is in Norwegian fjords with rivers discharging, the thermocline between the layer
of brackish water, and the fjord water underneath acts as an energy blockage. The wind energy will then
be absorbed in the upper layer of brackish water, and the largest part of it will be used to induce current
while lesser amounts will be used for mixing.

The rule of thumb that the wind-induced current on the surface is 2 % of the wind velocity is often applied.
A continual storm of 25 m/s should then induce a wind current of 50 cm/s, In fjords and other layered
water masses the wind-induced current is often stronger than in the open sea, especially if the wind blows
over a larger area (long fetch length) Continual, strong wind that blows out over a long and fairly straight
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fiord, will be able to induce a significant wind-induced current. Wind in the opposite direction (in to the
fiord) will not have the same effect. On the contrary, it will pile up the water up the fjord. When the wind
changes direction or drops, this piling will “drop”, and a strong, but short-range current directed outwards
will be induced. This is called “wind-piling current”. Typical duration is a couple of hours, and the velocity
can be 70-80 cm/s.

The wind-induced current is strongest at the surface and reduced with depth. In strongly layered water
the thermocline will form the boundary for how deep the wind energy can be noticed. In open sea the
lower boundary is about 50 m in our waters.

A.3.3.2 Tidal current

The tidal current is induced by the periodic wave movement of tidal waters. It is permanent, changing and
predictable

In open sea the tidal current will be in phase with the tidal wave. Tidal currents are weakest off Jaeren.
There the 100-year tidal current is calculated at approx. 20 cm/s. The velocity increases southwards and
northwards. Off Bodg it is anticipated to be 30 cm/s, while it is up in 40 cm/s =50 cm/s off the coast of
Nord-Troms and Finnmark.

In fijords, the tidal wave will contribute to increase and decrease the water level in the fjord area inside.
Here the tidal current is zero at high water and low water, and strongest in the middle. With knowledge of
the surface area of the fiord and the height of the tide water, the tidal current can be calculated in every
point where the cross-sectional area is known. Large fjord area, high tide and narrow inlets give strong
tidal currents (cf. Saltstraumen).

A special tidal water phenomena often occurs in sounds. If the tidal wave travels outside the sound, a
water level difference occurs on each side of the sound. This difference is attempted equalised by water
flowing from the area with a high water level to the area with a low water level. This tidal current can be
very strong, and such sounds are often called tidal sounds (jf. Rystraumen in Troms and Kvalsundet in
Finnmark, both with velocities up to 2 m/s - 2,5 m/s)

Tidal currents are relatively constant with depth. Near the bottom, however, it will meet the friction and
reduce in strength.

A.3.3.3 Pressure-driven current, including break-out from the coastal current

Density differences will be attempted equalised by inducing current. The same happens when the water
ievel is different. A river discharging to a fiord causes an outward-directed brackish water current in the
surface layer. The coastal current along the Norwegian coast is another example of pressure-driven
current.

While the pure tidal current and (partly) the wind-induced current are determining in the sense that the
velocity can be estimated for a given site, the pressure-driven currents are more complex and difficult to
predict. It is known that the coastal current flows northwards along the Norwegian coast with velocities in
the region of 50 cm/s. With low pressure areas over the North Sea, a south-westerly wind often starts in
Skagerrak. This wind decelerates the coastal current, and an extensive wind-piling occurs. When the
wind-piling drops, there is an outbreak in the coastal current. The velocity can get up to over 1 m/s, and
the current can be spread in to the fiord arms, especially on the West coast, as a relatively strong
intermediate in-flowing.

The topography in an area here will be of great importance. When a given volume of water flows
northwards along the coast, between rocks and skerries or inwards in the fjords and meets obstacles in
the form of shallow parts or narrow sounds, the velocity of the current based on a continuity view must
increase so that the same volume shall be able to get through. This is in contrast to the tidal sounds
where the water level difference on each side of the sound determines the velocity of the current.

The pressure-driven current, like the tidal current, is relatively depth-constant. The velocity of these
currents and how often they occur, can often only be determined by direct current measurements.
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A.3.3.4 Spring flood

Spring flood in connection with snow and ice melting in many cases will contribute greatly to the velocity
of the current. Typically this takes place during the months April to June. This effect can at times be so
great that it dominates everything else. If the site indicates that a strong current can be expected in
connection with ice and snow melting, an assessment should be made as to whether current
measurements should be taken during this period.

A.3.3.5 Description with regard to current exposure

The response of various marine fish farms to current exposure does not differentiate between which
driving force is the cause of the current. To some degree, duration and frequency can play a role, but it is
mainly the velocity and direction of the current in relation to the marine fish farm that is decisive.

A4 Directions

The direction of the current as a rule defines the prevailing direction for the marine fish farm. The most
unfavourable direction or the direction which gives the greatest load shall be used if the marine fish farm
is moored so that it follows the current (weathervane effect).

Wind and wind-driven waves shall be assumed to be concurrent and most unfavourable in relation to the
direction of the current. Swell shall be assumed to be the most unfavourable in relation to the marine fish
farm’s dimensions, that is to say in the longitudinal direction to the marine fish farm. If possible, wind sea
and swell shall be combined.
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Annex B (informative)
Personal safety

A fish farm shall be arranged so that the working environment is completely safe regarding the
employees’ safety, health and welfare. Technical devices shall be inspected, assessed and documented
in relation to environmental considerations.

In order to meet this requirement in an appropriate manner for exposed equipment such as feed rafts and
feed stations, it shall be required that the producer provide documented calculations of strength,
buoyancy and stability under all operational conditions.

Workplaces and working environments at feed stations and feed rafts, as well as working environments
on shore, shall be assessed and documented in relation to the following points:

— light, climate, ventilation and noise;
— access;

— floor area and room height;

— daylight and view;

— ladders;

— railings;

— floor — anti-skid etc;

— escape routes;

— personnel rooms such as cloakroom, toilet and break room;
— outside workplaces;

— rooms for any board and lodging.

There shall always be a boat or rescue raft in place at the feed raft when there are people on board. If
anyone stays overnight on board, the feed raft shall be equipped with an alarm system which gives
warning in the event of water penetration or breakdown.

Workplaces on the floating collar and raft as well as access to them shall be dimensioned and fitted
based on the activity which is to be carried out. The necessary precautions shall be taken in order to
prevent danger of personnel injury by falls or falling objects

Relevant technical devices and equipment shall be designed and equipped with safety devices so that
persons are protected against hazards to life and health. This shall be based on charting as well as a risk
analysis of work operations carried out on cages and rafts. The necessary safety measures on the
background of this shall be documented.

Amongst other things, this means measures which ensure that the marine fish farm possesses sufficient
strength, buoyancy and stability. The marine fish farm shall tolerate necessary loads from wind and
waves, as well as from relevant equipment such as cranes, trucks etc.

Before technical equipment is installed and taken into use, the marine fish farm with appurtenant
equipment shall be inspected thoroughly to ensure that the above-mentioned requirements are met. After
inspection has been performed, documentation shall be available showing that the marine fish farm
sufficient buoyancy, strength and stability.

Relevant safety devices shall be installed to prevent falls and driving into the sea. At a minimum this
includes railings, anti-skid protection of all gangways, driveways and working platforms, skirting boards
etc. as well as longitudinal safety edges on all driveways. The inner edge of the gangway shall have a
skirting board of between 3 cm and 8 cm. The outer edge of the gangway should be equipped with the
same type of skirting board. All driveways shall have a safety curb installed along the sides. These shall
be 30 cm high. The side along the net pen shall be equipped with a railing consisting of hand and knee
skirting board, installed at 1.0 m and 0.5 m respectively over the deck. Rope shall not be used as a
material for a handrail.

NOTE Gratings are often appropriate for walking and driving on They give good protection against
sliding and other accidents.

Relevant safety devices/aids shall be in place to ensure that persons who have fallen into the sea can
manage to get back on land or on board the marine fish farm.
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At a minimum there shall be an easily accessible life jacket in summer as well as a survival suit in the
winter. On gangways etc. where one cannot reach up to the edge from sea level, a ladder or similar
means of access shall be installed. It shall reach at least 50 cm down into the sea. The distance between
such ladders shall not be more than 20 m, or one ladder for each cage in the marine fish farm. Gangways
and working platforms which float more than 50 cm above sea level, should be equipped with life ropes,
installed in bays along the outside of the floating collar.

Lifebuoys with line and rescue hook shall be placed on the outside of the marine fish farm and on the
gangway. The distance between each lifebuoy shall not be over 50 m.

The marine fish farm shall be well arranged ergonomically, amongst other things by a design which
ensures appropriate work positions, as well as having sufficient width on walkways etc. The width of
walkways shall be at least 90 cm, and the width around the cages shall be at least 60 cm.

In all relevant places the marine fish farm shall be equipped with appropriate and good lighting.
Workplaces shall have lighting with a luminous intensity of at least 20 lux. Gangways, loading/unloading
places etc. shall be equipped with lighting with a luminous intensity of 100 lux

Procedures and safety measures for personnel working alone shall be in place. Working alone on marine
fish farms should be avoided. If working alone nevertheless must be performed, there must always be an
agreement with another person for regular contact and preparedness if an accident should occur In
winter a survival suit shall be used. In summer, at a minimum, a life jacket shall be used. In addition to a
life jacket and survival suit, an alarm system shall be available Written instructions shall be drawn up
regarding working alone, if such is performed.

The producer shall supply user guidance in easily understood written Norwegian regarding set-up,
operation and maintenance. User guidance shall be stored in an easily accessible place.

All chemical substances, i e. medicines, disinfectants and proofing compounds, shalt be transported and
stored properly and used in accordance with the user instructions. All necessary safety equipment for
handling of chemicals shall be available and shall be used. Everyone working with hazardous or
flammable substances shall have the appurtenant occupational hygiene product data sheet available.

All marine fish farms shall be equipped with first aid equipment

When working on a quay and with other harbour work which is done in an area immediately adjacent to
the marine fish farm installation, such as work with loading, unloading, mooring etc., requirements shall
be made regarding the following:

— equipment on the quay such as ladders, mooring points, fendering on the quay front, and lighting;
rescue equipment such as lifebuoy with lifeline, rescue hook and rescue ladders;

— first aid equipment;

— fire extinguishing equipment;

Each raft shall have a safety plan posted on board in at least A-4 format. A copy of the safety plan shall
be placed in a watertight cylindrical container in a suitable place. The drawing shall show the placing and
number of.

— fire alarm bells;

— switch for shutting down fuel supply;

— emergency stop switches for fuel pumps and any engine room fans;

— emergency stop switches for ventilation and fittings;

— sensors for smoke and heat detection;

—  pumping equipment;

— level alarm;

— separate pumping and hosing systems;

— powder, water and CO; apparatus;
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fire axe;
~  lifebuoys;
—  fife jackets:
emergency lghting;
first aid equipment;
- shutting doown of ventilation valve;

Syimbols shall be used for the equipmeant in sccordance with the IMO Standard,

a0
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Peak period based on effective fetch length, and dimensioning,
significant wave height based on effective fetch length and wind
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Annex D (informative)
Dimensioning of floating collar in relation to extra equipment

The loads imposed on the main components of a marine fish farm by extra equipment being fitting on it,
shall be documented. The impact in the form of damage/breakdown shall be explained.

Extra equipment is divided into three categories:

Fitted extra equipment: this consists of system units which are intended to be permanently mounted on a
main component, or which are an integral part of the main component:

NOTE 1 Examples of fitted equipment are winch, dead fish/feed collector in net pen, artificial lighting,
generator, battery, light filter, protective net and feed spreader

— detached extra equipment:
NOTE 2 Examples of detached exira equipment are feed store and service station.

— separate or connected extra equipment.

NOTE 3 Examples of separate or connected extra equipment are gangway, feed station with hose
connection and floating feed dispenser

Regarding fitted extra equipment which is fixed to or placed in direct connection with a floating collar, net
pen or a mooring system, an assessment shall be made and documentation provided for mutual static
and dynamic effects between the extra equipment and the movements of the relevant equipment.
Possible accidental loads and impact of accidental loads shall be specified and evaluated.

Regarding detached and separate/connected extra equipment which is not directly connected to the
floating collar or the other main components, an explanation shall be available with all necessary
calculations of the impacts [oads and accidental loads from extra equipment will have on the floating
collar, net pen and/or mooring system.

Documentation of extra equipment shall give a description which is good enough to facilitate
assessment/supplementary calculation of the effects on the floating collar, net pen and mooring system.
Requirements for documentation of the planning of extra equipment:

— specification of category placing For new or significantly modified systems, a new assessment
and documentation of category placing shall be performed;

— fundamental assembly sketch with all relevant measurements drawn in;
— specification of extra equipment with regard to functional requirements and mode of operation;
— specification of extra equipment with regard to capacity.

Contact should be established between designer/supplier of extra equipment, and the same for the main
components that are affected. Extra equipment should be accompanied by a document recommending
that it can be used together with the relevant main system_ Any limitation in the use or fitting of extra
equipment together with the relevant main system shall be clearly defined.

The different categories of extra equipment shall be accompanied by partly different types of
documentation:

— Fitted extra equipment shall have an assembly and fitting drawing with suggested placing on the
relevant type of installation, as well as a document which describes the loads the system imposes
on the marine fish farm installation or parts of it, including mass, volume, area, drag and drag
area.

— Detached extra equipment shall carry documentation showing the assessment by the
classification institution, labour inspection authorities etc., where this is relevant.

—  Separate/connected marine fish farms shall carry documentation showing the assessment by the
classification institution, labour inspection authorities etc., where this is relevant. It shall also be
accompanied by a document describing the loads the system, including attachment and mooring
shall tolerate, including environmental loads from wind, current, waves, ice, snow and
temperature, functional loads such as variable loads connected to the operation of the system,
including equipment, load distribution and personnel, permanent loads, i.e. own mass and
buoyancy and distribution of them, and accidental loads which are caused by breaks in the
mooring lines or loss of buoyancy or load shift. A document shall describe which loads the system
imposes on the marine fish farm or parts of it, including forces between the system and the
marine fish farm as a result of own and the marine fish farm's terminal points’ static and dynamic
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mgvemants. A document shall describe the limid states thal are assumed, including attachment of
the system to the floating collar, the mooring systam of the marine fish farm and net pen, and
including the attachment of the system with its ocwn primary mooring:

it % a requirement thal draiings, calcutations and performance are reviewed, and that extra equipment is
assessed and documented for use within the specified limitations of a named responsible person in the
company or by an expert fram an external company who can document satisfactory competence (o be
able to undertake such documented assessment,
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Annex E (normative)
Strength of net pen cage in dimension class 0 in accordance with
Table 11

in the case of documentation of the strength of a net pen which does not fall under the requirements in
Table 2, the following should be specified:

Which loads in the form of environmental loads the net pen is dimensioned to tolerate. At a
minimum there shall be data for forces which are transferred by wave movements from the
floating collar to the net pen, current forces on the net pen, and icing of the jump catch net ;
Specification of which loads in the form of variable functional loads the net pen is dimensioned to
tolerate. At a minimum, data shall be available for forces which are imposed by the use of a
stretching system, from dead fish and from fouling;

Specification of limit states which are assumed to be connected to the method of attachment of
the net pen to the floating collar;

Possible procedures for documentation of strength of a net pen which does not fit into the
dimension class;

Specification of limit states connected to size, weight, movements of the floating collar and forces
imposed by handling of the net pen.

For submerged net pens, deformation and distribution of forces in the net pen from the following loads
shall be calculated:

Own loads, F., which is the net pen placed in a frame and with stretching system attached. A load
factor of 1.25 shall be used.

Li=1.25F,

Loads from fouling, Fp, shall be calculated.

NOTE 1 For example, mussel attacks which entail both increased weight of the net pen as well as
reduced flow of water.

Deformation of and forces on the net pen from these loads shall then be calculated with a load
factor of 1.25. The following cases of load shall be checked both for deformation and forces:
L,=1.25(Fp + Fp)

Calculation shall be made of the response effect from loads due to effects on the net pen from
the maximum current the net pen can be exposed to, Fs. For this load instance a calculation shall
also be made of volume change. Particular attention shall be paid to velocity reduction (shadow
effect) in the control of this load instance. This is particularly important for cages since the rear
edge in relation to the current direction is in shadow in relation to the forward edge, because it
gives less volume. The following lcad instances shall be controlled for the cage having the least
shadow effect in the forward edge, and for the cage having the greatest difference between
shadow effect in the forward and rear edges respectively. The forces on the net pen because of
current, Fg, is non-linear in relation to current velocity, Vs, and the net pen’s deformation.
Deformation and forces shall be calculated for the following types of load:

Lsa=1.2 (Fs+ Fe.)

Lspb =11 (Fs+F. + Fy)

For non-circular cross sections, this calculation shall be performed for current velocity in relevant
directions in relation to the net pen and must be assessed and documented in relation to global
shadowing;

Response due to waves shall be calculated. Waves shall be combined with current, fouling and
own weight;

NOTE 2 Waves affect both the movement of the floating collar and the net pen directly
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The net pen shall be calculated regarding relevant dimensioning waves, W 1) or sea states
where H is the wave height and T is the wave period. The net pen shall be examined for the wave
giving the greatest forces and deformation in the net pen. The following load combinations shall
be examined:

Lie=12(F,+08F;+1.0F,)

Lyp=1.1(F,+0.7 Fs+Fe.+ 0.7 Fp)

Forces on the net pen which are imposed by handling shall be calculated. It shall be documented
that the net pen will not be destroyed or impaired by imposition of forces by handling, Fy.

LSa . Fh +1.0 Fe.

Lsp =Fn+1.0F.. +10F,.

Forces by handling: The load instances include both lifting forces as well as own weights and
fouling weights less any parts that are removed before handling;

Accidental loads: Damage to the net pen which is due to floating parts, shall be inspected. Forces
from drift ice or other parts shall be calculated and imposed in areas where it is probable that they
will hit.

Wear due to contact between the net pen and auxiliary systems shall be assessed and
documented. In the case of large deformations, the net pens can come into contact with one
another. In the event of fouling, the wear forces can be critical with regard to the material damage
and resultant tearing.

Attention shall be paid to the fact that the above-mentioned load effects can be non-linear, and
loads must therefore be combined with regard to this. Ice loads shall be assessed and
documented for jump catch nets.

It shall be ensured that the net pen tolerates taking up the forces which are transferred from the floating
collar when waves result in vertical and horizontal movements in it.
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Annex F (informative)
Example of risk analysis, broken down into main components

Table F.1: Risk matrix, used to classify events in a preliminary analysis

Impact i
Probability 1 2 3 4
4
3
2
1

Large risk (unacceptable)
Medium risk (assess measures)

Small risk (no measures necessary)

Class Probability

Once every 100 years or more
infrequently

At least once every 10 years
At least once every year

At least once every month

HlwIN|—=

Class Impact

Less escape, 1 to 100 fish
From 100 to 10000 fisk

| From 10000 to 150000 fish
| Qver 150000 fish

—

HIWIN
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NS 9415.E:2009

Annex G (informative)
Appropriate principles for buoys

Buoys are used which are dimensioned to tolerate submerging at maximum load on the mooring lines.
Minimum breaking strength shall be stated.

NOTE 1 On most mooring lines buoys are used to provide extra buoyancy in order to avoid
submerging of the floating collar and to provide the mooring line with greater stability Pressure capacity, i e.
the ability to tolerate submerging, varies from buoy type to buoy type. The capacity depends on the type of
filling material.

The following can be satisfied:

The body of the buoy provides protection for the buoyancy material against external influences
such as ice, flotsam, boats, etc. The body of the buoy can be made of steel, aluminium,
thermoplastic or reinforced thermoset plastic;

Thermoplastics shall tolerate a dartdrop test of 15 Joule per millimetre thickness, with a ball
diameter of 24 mm. Testing is performed at —20 °C, without causing cracks in the material;

Steel parts which are used in the mountings of the buoy, can be hot dipped with a minimum
average thickness of 120 um;

The main component of the buoy mountings should tolerate a breaking load of 10 times
buoyancy;

The buoy should not be included as an element in the mooring line itself;

Buoys which delineate the fish farm installation from the area of right of way, shall be coloured
in offshore yellow.

Buoyancy material used in fish farm buoys:

96

The buoyancy material which is the filling of the buoy can be air, EPS (expanded polystyrene),
PU foam (hardened polyurethane foam) or PVC foam;

Air-filled buoys should only be used where the buoy is not a necessary part of the function of
the mooring;

PU foam should only be used in buoys that are completely sealed;

EPS and PVC foam should be used in buoys where water can come into direct contact with
the buoyancy material;

EPS has a volume reduction (buoyancy reduction) of max. 8 % of submerged volume. PVC
foam has a volume reduction of < 2 % in the case of permanent use;

The density of EPS foam should be > 25kg/m>. The foam should tolerate submersion to
5mVs.

SN © 2009
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Annex H (informative)

Method of calculation of forced deformations of hinged steel
installations

The following method of calculation can be used for hinged steel installations:

For hinged installations, marine fish farms which consist of double main, outrigger and intermediate
pontoons / bridges, a characteristic shear deformation shall be used for a sea state Hs, between 1 and
3 metres:

dh

nar = 0,01 le
where
L, is characteristic peak length,
L,=1.57 - Ty, is a peak period in the range.
For cage systems consisting of single cages in a line, the largest shear deformation for outriggers and
intermediate bridges is calculated as:

dh= dhchar
4

This is forced shear deformation over two bridge lengths including any deformation in hinges.

For cage systems consisting of double lines of cages, i.e. with a central middie pontoon the
characteristic deformation, dh char, is increased as a function of the number of longitudinal cages as:

. pJ0.4
dhchar,N cages = dhchar, Icage N cages
Forced shear deformation over 2 elements is thus stated as:
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Annex | (informative)
Information on hydrogen embrittlement and stress corrosion in
connection with galvanising of chains and other steel components

(Scientific contribution from the Directorate of Fisheries by Force Technology Norway regarding
fractures in chains at fish farms.)

Summary

This report attempts to clarify circumstances surrounding chain material and failure mechanisms in the
event of breaks in the chain.

Probable failure mechanisms are;

1) Erroneous heat treatment which results in a material that is too brittle/hard.

2) Unfavourable chemical composition. For example, too much carbon will result in a material
that can be very brittle in the event of erroneous heat treatment.

3) Cold cracking created during forming of the chain at too low temperatures.

4) Hydrogen embrittlement, HE, as a result of pickling /acid treatment before galvanising.

5) ISC (Hydrogen induced stress cracking) as a result of hydrogen from cathodic protection
(galvanising, for example).

In order to avoid damage as a result of items 1 — 3 it is necessary to set higher demands regarding
producers and their certificates. It is important to receive documentation that the chemical components
are within the limits set for them, and that the heat treatment has been carried out properly. This is
paramount to obtaining a material with the characteristics one shall in fact have. It is important to ask
the producer to present his procedures and routines so that any errors made can be detected, and so
that an acceptance inspection can be performed of chain consignments that are received. Do not
purchase chain from a producer who cannot document his production methods.

Concerning items 4 and 5, prevention is the only expedient course. In order to avoid hydrogen
penetration during acid treatment, HE, a low hydrogen development must be ensured, or the hydrogen
can be "baked” out in subsequent heat treatment.

If carbon steel is to be utilised under water with cathodic protection (galvanising) and one wishes to
avoid HISC, it must be ensured that the material has a stress limit of under 550 MPa and that the
hardness under no circumstances exceeds 350HV. It is preferable if the steel has a hardness of under
22 Rockwell/237 Brinell/248HV. It is important to also check the hardness in the welding seams, here
also with 350HV as an absolute upper limit.

If it is necessary to use steel with a hardness and/or stress limit over the limits stated above, cathodic
protection cannot be done. The alternative is to lay en extra corrosion layer of steel, 0.1 — 0.2 mm for
each year that the chain is to be protected.

It is recommended to test load the chains to 62.5% of the breaking load since the chains will certainly
experience such load during their useful life. It is important to do this after galvanising so that one can
test the final strength of each chain link, since a chain is only as strong as its weakest link. In addition,
hardness and minimum impact resistance must be verified through Vicker's hardness test and the
Charpy test respectively.
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Annex J (informative)
Conversion to sizes of hexagonal mesh

Table J.1 can be used for conversion from square mesh to regular hexagonal mesh

Table J.1: Conversion table for mesh side and mesh size from square mesh to hexagonal
mesh, assuming the same mesh opening and twine thickness

Square mesh (S net) Hexagonal mesh (H net )
mesh side mesh lenght mesh side mesh lenght mesh width
mm mm mm mm mm
42,0 84,0 28,0 112,0 56,0
40,0 ! 80,0 26,7 108,7 53,3
39,0 78,0 26,0 104,0 52,0
38,0 76,0 25,3 101,3 50,7
37,0 74,0 24,7 98,7 49,3
36,0 720 24,0 96,0 48,0
35,0 70,0 233 93,3 46,7
34,0 68,0 22,7 90,7 45,3
33,0 660 22,0 88,0 44,0
31,0 62,0 20,7 82,7 " 413
30,0 60,0 20,0 80,0 40,0
28,5 57,0 19,0 76,0 38,0
27,0 54,0 _ 18,0 72,0 36,0
26,0 52,0 ' 17,3 69,3 347
250 50,0 16,7 66,7 33,3
24,0 48,0 16,0 64,0 320
23,0 46,0 15,3 | 61,3 30,7
[ 225 z 45,0 15,0 | 60,0 30,0
22,0 44,0 147 58,7 29,3
21,0 42,0 14,0 56,0 28,0
20,0 40,0 133 53,3 26,7
19,5 39,0 13,0 52,0 26,0
18,5 37,0 12,3 49,3 24,7
17,5 35,0 11,7 46,7 23,3
16,5 33,0 11,0 44,0 22,0
15,5 31,0 10,3 41,3 20,7
15,0 30,0 10,0 40,0 20,0
14,0 28,0 9,3 373 18,7
13,0 26,0 8,7 34,7 17,3
12,5 ' 25,0 83 333 16,7
12,0 24,0 8,0 32,0 16,0
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Square mesh (S net) _Hexagonal mesh (H net)
mesh side mesh lenght mesh side mesh lenght mesh width
mm _ mm mm mm mm
11,5 i 23,0 7,7 30,7 15,3
11,0 22,0 7,3 29,3 14,7
10,5 21,0 7,0 28,0 14,0
10,0 20,0 6,7 26,7 13,3
9,75 19,5 6,5 26,0 13,0 ]
9,5 19,0 6,3 25,3 12,7
9,25 18,5 6,2 247 12,3
9,0 18,0 6,0 24,0 12,0
8,75 17,5 58 23,3 1,7
8,5 17,0 57 227 11,3
8,0 16,0 53 21,3 10,7
7,75 15,5 52 20,7 10,3 I
7.5 15,0 50 20,0 10,0
7,0 14,0 4.7 18,7 9,3
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Annex K (informative)
Requirement for further research and development

K. Environmental provision on current and wind based on measurements

At many locations along the Norwegian coast, the current varies so much over a yearly cycle that one
can risk underdimensioning the current load significantly. Scientific documentation is required here.

K.2 Exemplification with the aid of calculated cases

The practical effect of parametric choice in the form of calculated examples cases should be
documented.

K.3 Review and supplementary calculation of breakdown

To make a supplementary calculation of a breakdown case will provide useful information that the fish
farming industry has built in the correct priorities in order to avoid large escape occurrences.

K.4 Review of safety factors, flexible/less flexible structures

The safety factors in dimensioning should be able to be supported by empirical data

K.5 Dimensioning limit states

it is important to perform a critical evaluation of which limit states are to be given priority. This is to
avoid an extensive verification which will possibly be very resource-intensive.

K.6 Wave and current loads on the net pen . Categorisation

There is no documented scientific connection between current and wave loads on the net pen and
choice of dimension classes.

K.7 Reduction of net volume as a function of current velocity

It should be sought to find out how the volume of a net pen changes in relation to the forces imposed
by various current velocities.

K.8 Stretching system, loads on net and rope as well as establishment of dimension class
It should be sought to find out how the stretching system affects the requirements for strength on the
net twine and rope as well as establishment of dimension class.

K.9 Stability, safety and mooring of feed rafts in high seas

The requirements regarding stability are in no manner synchronised with the degree of exposure of
feed rafts, i.e. the danger of water washing over, relative movements etc., is dependent on the degree
of exposure.

K.10 Operation of wellboat and workboat in the vicinity of ropes and nets

A review of dangerous operations, i.e. maximum use of thrusters in the vicinity of net pens or ropes, is
of great importance for prevention of escape.

K.11 Expected icing volume per 24-hour period or equivalent

Expected icing volume per 24-hour period or equivalent should be explained and be included in
guidelines / assessments.

K.12 Method for calculation of dimension class in relation to net design

It should be sought to find a better basis for establishing dimension class for a net pen on the
background of net design (i.e. cone shaped net or cylindrical shaped net).
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K.13 Design and choice of material connected to net pens

It should be sought to find a set of tables for design of net pens, based on calculations and new
developments instead of experiences from the "old industrial standard” (empirical design).

K.14 Knowledge of long-link, galvanised chain

Obtain more knowledge of long-link, galvanised chain for use in the fish farming industry. There is a
necessity for a documented, scientific basis as supporting documentation for establishment of specific
requirements and description of suitable testing methods which reflect the actual use, and the forces
chains are exposed to in a fish farming context. 1.e., not only stretch testing in relation to breaking.
This will entail methodology development.
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January 15" 2016

Grieg NL Seafarms Ltd.

P.O. Box 457

205 McGettigan Blvd.

AOE 2MO

Attn: Mr. Knut Skeidsvoll, General Manager

Dear Mr. Skeidsvoll:

STERILE, TRIPLOID ATLANTIC SALMON OVA. QUALITY AND PRODUCTION INFORMATION

Benchmark Breeding and Genetics (BBG) is the breeding division of the company Benchmark
Holdings Plc. The division was established by the double acquisition of the Icelandic
company Stofnfiskur and the Norwegian company SalmoBreed in December 2014. Later, in
August 2015 BBG bought Akvaforsk genetic centre (AFGC) which further strengthens the
breeding work both in Atlantic salmon, but also a range of fish breeding across many
aquaculture species. Both companies have a long history in the breeding of Atlantic salmon.
The breeding company Stofnfiskur was established in 1991 and SalmoBreed was established
in 2000 with their breeding programs.

Both company’s strains consist of several highly regarded strains of Atlantic salmon that
merged into the program, so both strains has roots from the beginning of Atlantic salmon
breeding Stofnfiskur got the stock from several imports of ova from Norway in the 1980°‘s
which were reared on several locations in Iceland. SalmoBreed consists of a merger between
the highly regarded “Bolaks” and “Jakta” strains of salmon. Today, and combined, the BBG
has over 1500 families of Atlantic salmon at any given time in our systems (500 families*3
year generation time).

In the breeding work, the aim has been to restrict inbreeding while selecting for several
traits of importance to salmon farmers simultaneously in the breeding index. Different test
groups are made for different tests to have valuable data input to the breeding calculations.
Today we test families for sea lice, yield (filet quality, texture, color, filet size etc), different
challenge test (SRS, PDV, IPNV, ISAV) to provide a broad background on the genetic material
we work with. Lately, BBG has also implemented Genomic selection to further accelerate the
speed of genetic gain.

SalmoBreed has a traditional production in open systems in sea with plans on building a land
based closed facility from ova to ova. This exists already in the production of Stofnfiskur
which allows the company to produce ova every week all year around. Furthermore, the
water from the geothermal boreholes gives a great flexibility in production and a high
degree of biosecurity.

SalmoBreed AS — Sandviksboder 3A, 5035 Bergen, Norway
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BBG delivers sterile salmon to the market today by using the triploidisation method.
Stofnfiskur has from early on seen the need for sterile triploid salmon and has placed
resources into standardising their protocols. The pressure device today is developed in-
house by a group of specialists and the triploid ova are originating from the same genetic
material as used for the diploid production. The ova in our triploid production come from
females from the best multiplier individuals and the best family males in order to maintain a
high ova triploid quality. On the fertilising line in the incubation is mounted a pressure
chamber where the groups who are assigned for triploid are made triploid and then
incubated. The pressure method is a standardised method on time, temperature and
pressure.

The use of triploid salmonids in aquaculture provides a method of avoiding the problems
associated with sexual maturation, reducing the possible genetic interaction with wild fish.
The goal of triploidy induction is to produce sterile individuals, which can be used in
commercial aquaculture to avoid loss of market value due to unwanted sexual maturation
and minimize the risk of interbreeding of wild and farmed salmonids. Induced triploidy is a
commercially acceptable method available for production of reproductively sterile salmonids
for aquaculture. The production of non-maturing salmon has economic benefits for the
aquaculture industry if precocious maturation before market size causes a problem.

Induction of triploidy occurs after the eggs are fertilized. Triploid fish have been produced by
preventing the second polar body to pass out of the egg. In triploid fish two sets of
chromosome are contributed by female and one set by male (2 N egg + 1N sperm = 3N).
This procedure is most commonly accomplished through pressure shock on fertilized eggs.
Triploidy induction in fish is commonly verified by taking a blood sample and analysing DNA
content by flow cytometry.

The use of flow cytometry for measurement of cellular DNA content with high degree of
resolution has in recent years been considered as a reliable and constant method. Individual
ploidy investigations, eyed eggs or larvae is collected and stored deep-frozen ( -80°C). For
analysis, the larva is thawed and smashed by re-suspending up and down in 0.4 mL
propidium iodide (PI) solution until the tissues is completely dissolved. Pl binds to the cell’s
DNA that at the right wavelength it fluoresces. The samples are then passed through a
0.45um filter. The DNA content of approximately 30 larvae per treatment and the same
amount of larvae as control group was measured using a Becton Dickinson FACSCalibur TM
(BD Biosciences, San Jose, CA, USA) flow cytometer.
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The analysis takes in account the cell population and the amount of fluorescence inside a
single cell, we have to measure single cells in order to estimate the amount of DNA in diploid
(2N) cells and compare it with the amount of DNA in the triploids (3N). We use the average
value of the 20 — 30 control samples and we compare it with the values for the 3N samples.
Sometimes due to poor preparation we are not able to obtain single clean cells and these
can be misinterpreted in terms of ploidy, one can easily see when this happens in the
flowcytometer, we call these samples Ambiguous although some do call these aneuploids.
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Figure 1. The fluorescence is proportional to the amount of DNA in a cell. Since diploid cells
contain 2 sets of chromosomes (2N) and triploids contain three sets of chromosomes (3N),
triploid cells have 1.5 times the DNA of diploid cells, and therefore more counts. Those
samples that are ambiguous, fall out of range of both groups and cannot be used in the
analysis as they lack the required accuracy.

For each group of triploid that we make we do provide a triploid certificate where the
degree of triploids are shown. We have a very high degree of triploidisation and always
100% degree of sterile fish. The ambiguous fish will still be sterile and cannot reproduce as
they have more than a normal genome.

SalmoBreed AS — Sandviksboder 3A, 5035 Bergen, Norway
www.salmobreed.no | post@salmobreed.no


http://www.salmobreed.no/
mailto:post@salmobreed.no

_Bcnchmark

Mo

The use of triploid salmon is not new technology, and quite some research is available in
peer review journals and expert magazines on the growing of triploid fish in fresh water and
seawater. Although there is much to read on growth, there is not so much research
published on quality parameters in triploid salmon. On the basis of this, Stofnfiskur did a
pilot study in evaluating quality parameters in triploid fish.

A total of 400 individuals where selected randomly from a group of triploids. They were pit
tagged and reared among the diploid family fish. Evaluation in the family fish is for quality
parameters in each year class. The triploid got no special treatment at any stage, except the
pressure put on the ova at fertilization. The fish got the same feed, rearing temperature,
light regime and handling as the diploids. These 400 individuals where divided randomly
between the two breeding stations of Stofnfiskur. When the quality parameters where
assessed in the families in one of the two breeding stations, the triploids where slaughtered,
filleted and the fat and pigment assessed in the fillets. The results in table 1 are showing
growth, deformities and maturation in breeding station 1.

Diploid Triploid Total Group
Number of individuals 4659 163 4822
M ean of weight, Kg 34 34 34
Std.dev 1,1 0,9 1,1
External signs of maturation 395 (8.8%) 0% 398 (8.8%)
Defor mity 77 (1.7%) 7 (3.4%) 84 (1.7%)

Table 1 Growth parameters in breeding station 1

In breeding station 1, there was minor additional deformity and no maturation in the triploid
group. The growth was the same on diploids and triploids. The results displayed in table 2
are the results for the same traits measured in breeding station 2 as in breeding station 1.
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Diploid Triploid Total Group
Number of individuals 4928 146 5074
M ean of weight, Kg 3.3 2,9 3,3
Std.dev 0,97 0,79 0,96
External signs of maturation 229 (4.6%) 3 (2%) 232 (4.7%)
Defor mity 56 (1.2%) 6 (4%) 62 (1.2%)

Table 2 Growth parameters in station 2

The quality parameters where measured in breeding station 1. The traits measured are fat
percentage on averaged in the whole fillet measured using Near Infrared (NIR) machine,
pigment, measured with machine using Visual spectra (VIS) to determine mg/kg of
astaxanthine in the whole fillet and the last trait measured was filled yield, which is total
fillet weight divided by weight of the whole fish. Result are in table 3.

Diploid Triploid Total Group
Number of individuals 474 106 853
M ean of weight, Kg 4,8 4.7 48
M ean gutted weight, kg 44 4.4 4.4
Fillet % 0,6 0,7 0,6
M ean fat % 16,7 16,8 16,7
M ean colour mg/kg 7,0 7,0 7,0

Table 3 Quality parameters from breeding station 1

These preliminary results in table 3 show that there is no difference in the quality traits
between the diploid and triploid fish.

A sterile/triploid salmon can escape from a farm the same way as its diploid counterparts.
However, studies have shown that these fish do process a lower survival rate in nature than
the diploids will. The triploid male may migrate up rivers, but if they do spawn there is no
reproduction. Several studies also show that farm salmon does not handle the competition
of the wild salmon at the spawning grounds. Thus we believe that an escaped sterile salmon
imposes a minimal environmental concern.

Benchmark Breeding and Genetics has a high quality sterile salmon that has been well
recognised by farmers and customers. In Norway alone we have so far delivered many
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millions of triploid ova with good feedback from customers. Although the product is of a
superior quality, we always work to produce an even better sterile fish. Some of the aspects
that are on our R&D plan are to study the early life stages of such fish to investigate the
complete needs in these early phases. On board we have a feed supplier, University of
Tromsg and Nofima.

We believe that the project of Grieg NL Seafarms Ltd. is a good production and look forward
being an active partner and supplier of genetics as soon as the company has received their
necessary licenses.

If you have any questions, do not hesitate to contact us.

Best regards,

Dr. Eduardo Rodriguez H. Rudi Ripman Seim
Head of Functional Genomics R&D and Technical Manager
StofnFiskur SalmoBreed
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Background

Grieg NL Seafarms Ltd. is owned Grieg Newfoundland Salmon Ltd. Grieg
Newfoundland Salmon Ltd. is owned by the Norwegian company Grieg
Newfoundland AS. Grieg NL Seafarms was formed to establish a fish farming
operation on the south east coast of Newfoundland with a principle base in
Marystown. Freshwater operations are under Grieg NL Nurseries Ltd. and are
located in Marystown. Marine operations under Grieg NL Seafarms would span
the Placentia Bay coastline with four Bay Management Areas (BMA’s) from
Long Harbour (Brine Island and Iona Islands) in the east and Merasheen (Valen
Island, Chambers Island and Ship Island), and Red Island (Darby Harbour, Red
Island, and Butler Island) in the central part of the Bay to Rushoon (Oderin
Island, Gallows Harbour, and Long Island) in the west. This region of Placentia
Bay encompasses nearly 250,000 hectares. Grieg operations entail licensing
leases for up to 2,000 hectares. Cage area for production is 23 hectares and
less than 0.01% of the region. The Production on a yearly basis will include
stocking 1,800,000 smolt of Atlantic salmon (Salmo salar) 300 grams in May,
2,400,000 smolt of Atlantic salmon (Salmo salar) 450 grams in July, 1,800,000
at 600 grams in October for full cycle production and 1,000,000 smolt at 1,500
grams in April for a seasonal production. Output of live biomass once peak
production is achieved is estimated at 33,000 Metric Tonnes live weight.

Fundamentals of the Production Plan and Driving Strategies

Grieg NL Seafarms, inclusive with various sister companies and subsidiaries,
will integrate the entire operation: returning maximum value to the company
from all stages of the production; and, managing risk with the best techniques
known by the aquaculture industry from a global perspective. The Grieg
companies in Newfoundland will use state of the art equipment at all phases of
the production enhancing every aspect of sustainable production of salmon
farming. These will include but are not limited to the following:

e Using triploid eggs — this provides access to world class commercial
broodstock/egg supplier(s) and thus eliminating possibilities of shortness
of egg supply. The sterile salmon provide other benefits as well including
100% reduction of risk to local wild stock should they escape;

e Using a state of the art AquaMaof RAS system — this provides for a
number of enhancements to sustainability including:
o Cost effective operations and smolt production by using gravity
based internal flows. 100 % recirculation reducing water
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chemistry management costs and pumping costs. Providing for a
saline environment in the final stages to maintain the
smoltification window and eliminate smolt regression;

o Using a unique oxygen dissolving system (ODS) with a vacuum
oxygen generator for provision of ultra-low cost oxygen;

o Increased production flexibility of smolt size and times for entering
the sea;

o Reducing significantly growth time in the sea/cages and further
reducing exposure to risk of diseases, sea lice and other parasites
and escapes;

e Programmed production will enable the company to supply market year
round with fresh product;

¢ Using of modern wellboats for transport of both smolt and live harvest
salmon. This will provide for minimal handling of fish from the hatchery
to the marine sites and live hauling of harvest fish to the plant. The live
hauling of live fish to the plant ensures that there is no accidental blood
spillage at sea. The live fish at the processing plant permits control of
fish temperature and lactic acid management. Swimming to the
processing line for humane slaughtering (concussion stunning) without
struggle (temperature control). Processing immediately and before rigor
sets in and full value added to all production where possible with an aim
towards 100%;

¢ Using holding tanks on land at the processing facility for live salmon will
give the processing plant flexibility for timing and temperature control of
production as well as enabling to a 100% pre rigor production (increasing
shelf life); hence, a significant improvement in quality and value for all
concerned;

e The processing plant will provide for complete utilization of all fish
products including offal, heads, bones, and trimmings. The processing
of this raw material will be for established markets for fish oils, fish
protein and calcium;

e All value from the salmon will be created and processed in
Newfoundland. This provides a great economic benefit both to the
company and as well as to the province of Newfoundland by keeping the
employment available in the production in the Province.
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Production philosophy:

Freshwater: (Grieg NL Nurseries Ltd.)

Technical production of Atlantic salmon smolt will include adaptation of an
AquaMaof system that will feature 100% reuse and recirculation of water and
complete digestion of all organic inputs at 98.5%. This is an adaptation of new
technology for the expressed purpose of producing very large smolt at low
energy costs and low environmental impacts. Large smolts are desired because
Newfoundland has a limited number of degree units for growth at around 2500
whereas 5000 are required for 50 grams to 5000 grams (market size) of growth.
Large smolt eliminate mesh swim through at entry over minimum size
introductions. Transfer of smolt will eliminate as many steps and as much
time as possible with a plan for direct transfer to the Wellboat from the
hatchery and then directly to the site. Marystown has a suitable basalt type
aquifer providing 1,200 litres per minute of pristine groundwater with suitable
chemistry — day to day use of water will be a fraction of this at 150 to 300 litres
per minute.

Marine: (Grieg NL Seafarms Ltd.)

Marine production will be based on the adaptation of the principle of the
Norwegian “green” license philosophy to Canadian environs and also the
application of the Newfoundland Code of Containment. This will include access
to broodstock with consistent availability and consistent growth and
conformation.

The salmon will be sterile triploid to alleviate all risk of genetic interaction with
local salmon stocks in the event of escapement. All containment systems will
be engineered specifically to manage escapement risk to provide a second layer
of protection.

Sea lice will be managed using lumpfish (Cyclopterus lumpus) at 15 fish per
100 smolt. They require continuously clean nets to be effective. This will be a
very significant transfer of Norwegian technology and pest management tools.

The intention is to use Aqualine’s “escape proofed” systems including Midgard
for nets, cages and moorings. This will involve using new materials such as
Dyneema over nylon for nets and design to avoid contact with net anchors and
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hydraulic steady lifting. This in turn delivers a net that limits fouling and is
more conducive to in situ cleaning which also reduces the opportunity for
escape events proportionally. Nets will typically be 43 meters at the center —
significantly deeper than typical nets in use in the region (15 meters). This will
provide 70,000 M3 of space per cage and providing a terminal stocking density
of 11.8 kg/M3.

The cages themselves will be Aqualine 160 meters circumference with working
platforms on the pontoons. These nets and cages are entirely a new technology
transfer from Norway that will provide for a much safer working environment
for the workers on the cage and a more humane space for the fish to grow.

Mooring frames or grids will be Aqualine designed for off shore conditions.
Compensation buoys on the frames will be 4000 liters at 400% the current
industry standard. The plough anchors will be 5 MT with 100 MT of holding
power each; there will be 1 at each side node and 2 at end nodes with
combined holding power at a minimum of 200 MT.

Mortality removal will be done daily via a lift-up pumping system. This is a
significant improvement over the current Standard Operating Practice (SOP)
whereby mortalities are removed only on a weekly basis and only by diver. The
current system provides for opportunities to increase bacterial load and risk
and the divers provide for significant vectors of risk transfer. All mortalities
will be ensilaged with 3% by weight of formic acid to reduce all infectious and
spoilage agents on site.

The current depth requirement in the region is 30 meters and the farms in
proposal here will be mostly in waters deeper than 60 meters with the majority
of the sites in 100 meters and greater. This ensures that benthic impacts are
minimized.

The current standard for site separation is 1000 meters and the planned
production will increase this twofold in the majority of cases.

Economies of scale are created on the size and volume of cages, nets, and
moorings by approximately 200% above the current SOP in use in the region.

Feed used will contain significant marine ingredients to maximize flesh levels of
omega 3 fatty acids to the benefit of the health of the fish and the subsequent
benefit of the consumers of the product. This will be accomplished with the
use of algae and fish waste by-products of the traditional fishery to the extent
that FIFO (Fish In - Fish Out) is reduced to 1:1 — a goal of sustainable
production.

There will be 11 sites with approximately 200 hectares each. Each site will be
licensed as separate entities under Grieg NL Seafarms Ltd.
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Grieg NL Seafarms will manage the production areas under its farming control.
There will be three full cycle management areas of Rushoon, Merasheen, and
Red Island. All sites in the full cycle management areas will have the capacity
for twelve 160 meter cages and nets with a depth of 43 meters. The fish
capacity at each site will be stated at 2,000,000 smolt. Fish entry will be at a
minimum of 300 grams average to ensure that there is no swim-through on a
mesh of 35 mm (the smolt size as entered by average weight encompasses a
bell curve of sizes from smaller to larger. By utilizing the much larger smolt
the possibility of entering a fish so small on the bell curve of size that it can
pass through the mesh is eliminated). The final capacity at each site may vary
below this as the production experience progresses and each site’s limits are
defined. Entry of the fish to the site is targeted for May, July and October; this
staggering is done to manage supplies to the market year round. The company
will only gradually build to the expected capacity to ensure limits are not
exceeded that would be detrimental to the welfare of the fish. In each full cycle
management area there will be three sites as follows:

e Rushoon
o Oderin Island Farms Ltd.
o Gallows Island Farms Ltd.
o Long Island Farms Ltd.

e Merasheen
o Valen Island Farms Ltd.
o Chambers Island Farms Ltd.
o Ship Island Farms Ltd.

e Red Island
o Red Island Farms Ltd.
o Darby Harbour Farms Ltd.
o Butler Island Farms Ltd.

There will be one seasonal management area by Long Harbour with two sites
Iona Island Farms Ltd. and Brine Island Farms Ltd. These are 1,000,000 fish
sites that will enter at 1,500 grams in the spring as soon as temperatures start
to rebound from the winter; this is expected to be towards the end of April or
early in May of each year. This production will be harvested in December and
January.

The Rushoon management area will use Baine Harbour and Petit Forte as
inflow mustering points for supplies and personnel. The Merasheen
management area will use North Harbour and Arnold’s Cove as its inflow
mustering area. The Red Island and Long Harbour management areas will use
Long Harbour. The following principles will guide operational procedures with
the various management areas:
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e All operational procedures will have Standard Operating Practices (SOPs)
written for an Operational Manual for the company. These SOPs will be
vetted through the Province’s Aquatic Animal Health Division (AAHD).
These SOPs will contain the minutiae of detail for each procedure and all
aspects of biosecurity related to it;

e Vessels assigned to specific management areas will not cross or enter
other management areas;

¢ No equipment, vessels or employees will travel from one management
area to another without following proper biosecurity procedures and
SOPs for cleaning and disinfection;

e The feed delivery vessel will not contact the feed barge but will transfer
the feed via a coupling. The feed delivery vessel will not travel from one
management area to another without having been first brought back to
its docking station and pass through procedures of a biosecurity SOP of
cleaning and disinfection;

e The well boat will be dedicated to either harvesting operations or other
outflow activities. If the well boat is to be used to deliver smolt or to be
used in bath treatments, it will be passed through a biosecurity SOP of
cleaning and disinfection;

e All mortalities will be collected daily via an air lifting system and ground
and placed into silage with a 3% of formic acid by weight. All mortalities
will be ensilaged on site so that no infectious material is accidently
transported to other sites or management areas;

e Nets will be on a rotation of continuous in situ cleaning for provision of
optimal water quality and animal welfare to the fish. The always clean
nets also encourage proper feeding attention in cleaner fish. The nets
will not have copper based antifoulant;

e All smolt entering the site will be disease free and will be vaccinated
against Vibrio anguilarum, ordalii, and salmonicida as well as
Furunculosis salmonicida in an oil based adjuvant;

¢ C(Cleaner fish such as lumpfish will be used for sea lice control. Vaccines
as they become available and are sanctioned by Health Canada for
deterrence of sea lice will also be used. Functional feeds will also be
used to help manage sea lice. Only as a last resort will therapeutants be
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used to control sea lice. Animal welfare will not be compromised,;

e OQutflow activities will include harvest operations, removal of silage, and
removal of nets or any equipment from the site;

¢ Inflow activities will include smolt, day to day site personal, entry of new
nets or newly recertified nets, feed and any equipment intended for use
at the site;

e All personnel entering the site will be controlled, monitored and
documented; and,

e All vessels entering the site will be controlled, monitored and
documented.

Processing:

Harvest fish will be collected by the Wellboat and delivered live to the
processing plants live holding system. From there the fish will swim into the
humane stunning and bleeding system. The just in time arrival system
permits a pre-rigour processing of all the salmon. Pre rigor has up to 4 days
longer shelf life than traditional post rigor products which is crucial for the
final buyer. In addition the products will only be handled once before hitting
the market/buyers compared to past-rigor handling (2 - 4 days storing before
processed, entering 2 or more geographical places for further processing before
going to the market) which gives the production an unique quality and sales
advantage compared to our completers. Loss of quality on the salmon starts
immediately when the salmon comes out of rigor. Using pre rigor finalized
products (fillets, loins and portions) also gives the production a significant
saving on packing, ice and freight cost per unit of production as well as very
positive environmental impacts due to less transport of non-human
consumable products (heads, bones and skin). Processing will be done in
partnership with an existing player in the Newfoundland processing industry.

Processing will take place well away from the salmon production areas at the
north end of Placentia Bay and at St. Lawrence or some other similarly
positioned community in the south of the productions BMAs. This is
approximately 60 kilometers from the nearest site. Should there ever be an
accidental failure with the blood water treatment system then the buffer of
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distance from the sites should be sufficient to reduce exposure to infectious
agents or eliminate the risk entirely.

The company will implement a new way of handling deliveries of live salmon to
the processing plant and introducing modern processing technology and pre
rigor products. This gives a major increase in value for the company and offers
the market a full week extra shelf life compared to what is available today.

The stocking, harvesting and fallowing plans are as follows:

BAY MANAGEMENT PLAN
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Harvest
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