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DFI Roads and Rivers — Strangford Lough Ferry Service

Design, Supply and Installation of a Diesel Particulate
Filtration System for MV Strangford Il
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INTRODUCTION

The Northern Ireland Department for Infrastructure (Dfl) operates two vehicle and passenger ferries
that provide the ferry service between Strangford and Portaferry near the entrance to Strangford
Lough.

Dfl requires the installation of Diesel Particular Filters (DPFs) in the exhaust systems of the two main
diesel engines and two diesel generators of MV Strangford Il and requires to contract with a single
economic operator to design, manufacture, install and commission the four DPFs in the vessel. Dfl
requires that the installation of the DPFs is carried out with the vessel out of service and alongside in
Strangford, Northern Ireland.

This document provides the technical requirements for the project and the supporting background
information and is to be read in conjunction with the other tender documents.

BACKGROUND

The ferry MV Strangford Il operates a vehicle and passenger service across the mouth of Strangford
Lough between Strangford and Portaferry in Northern Ireland. Since entering service in early 2017
exhaust from the ferry’s engines and generators has been observed to contaminate the vessel's
exterior paintwork with soot particles and also gets drawn back into the engine rooms via the
ventilation system, clogging the inlet filters. Soot deposits are visible around the exhaust outlets in the
hull side and when the exhaust systems have been opened up for maintenance soot deposits have
been found within, appearing especially heavy within the generator exhausts.

The vessel is fitted with two marine main diesel engines and two diesel powered generators. The duty
cycle is short duration and repetitive, the ferry crosses from one side to the other in about 5-6 minutes
with both the main propulsion engines and one generator running, the other generator is shut down.
During the crossing the generator is supplying electrical loads only; these are generally quite low
consisting of lighting and power.

When the ferry reaches the slipway the engines are used just to hold it in place whilst the generator
powers a hydraulic pump via a power take-off to lower the ramp, as a result the generator is loaded
briefly before dropping back to the light electrical load. In normal operation the whole trip takes about
15 minutes so there are four crossings in an hour and the ferry runs for up to 15 hours a day.

The vessel is fitted with ‘wet’ exhaust systems to the main engines and generators. The generator
exhaust passes through a silencer as part of the riser assembly whilst the main engine exhaust passes
directly to a sprayhead where the exhaust gases are mixed with a spray of seawater which cools the
exhaust and allows the use of non-metallic exhaust components downstream, and gives a quieter
exhaust. Low exhaust noise is very important due to nearby residences.

Following a feasibility study of alternative methods to reduce soot contamination it has been decided
that the preferred approach is to tackle the soot at source and prevent as much as possible from
entering the environment. Consequently the decision has been made to fit diesel particulate filters
(DFPs) to the main engines and generators. Itis desired to retain the wet exhaust system downstream
of the DPFs to maintain the low exhaust noise levels.

Monitoring and analysis of the main engine and diesel generator exhaust gases was undertaken in
November 2018, the results of which are presented later for use in DPF and system specification.

Back pressure and exhaust gas temperature trials were conducted in representative conditions in
June 2019, the results of which are also presented later for use in DPF and system specification.

The purpose of this document is to present a scope of supply and sufficient technical detail and
background information to permit a comprehensive and detailed formal quote to be provided in
response to an invitation to tender. To this end the existing installation is detailed, results of analysis
and trials presented and the requirements for the DPFs and associated systems listed. An indicative
scope of work and indicative DPF layout are presented for information only.
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3.

REQUIREMENTS

a)

b)

Following contract award all works from design and approval to sea trials and acceptance to
be complete within 16 weeks, to include vessel out of service time of no more than 4 weeks.

The design, manufacture, install and commissioning of Diesel Particular Filters (DPFs) in the
exhaust systems of the two main diesel engines and two diesel generators of MV Strangford
Il.  The Economic Operator shall deliver a complete, fully warrantied and supported
installation to Dfl.

The installation, including removal and correct disposal of redundant items will be carried out
alongside the ferry terminal at Strangford. An indicative sequence of installation is contained
within annex D for information only, this is not exhaustive and the contractor shall be required
to generate their own work instructions.

Risk assessments, safe methods of working, COSHH and any other health and safety issues
regarding the installation shall be the responsibility of the Economic Operator. Supply of all
necessary PPE and access equipment shall be the responsibility of the Economic Operator.

Removal and correct disposal from the Strangford ferry terminal of all redundant items,
materials and packaging etc. generated in the course of the installation shall be the
responsibility of the Economic Operator. Prior to removal of redundant items Dfl must be
consulted in the event that they may be required to be retained as spares.

The installation must retain the wet exhaust systems, with modification to, and relocation of
components arising from the DPF installation as necessary but kept to a minimum. An
indicative scheme is contained within annex E, this is for information only, is not exhaustive
and the eventual arrangement will be determined by the contractor. A PDF copy is available
on request.

Periodically increased exhaust temperatures arising from regeneration shall be mitigated to
prevent damage to the rubber hoses of the wet system. This may be by means of new
sprayheads, the design of which ensures that the temperature of the exhaust gases at the
elevated levels developed during regeneration are reduced sufficiently to permit the use of
flexible rubber exhaust hose as per the current wet system.

New GRP waterlocks shall be provided as part of the installation if the system geometry
prevents re-use of the existing items.

Systems associated with the DPF installation must be proven in the marine environment.
Regeneration must not, under any circumstances, generate CO (carbon monoxide).

Installation of the DPFs must not compromise existing main engine emissions to ensure
continued compliance with IMO Tier 2 requirements and Marpol.

Installation of the DPFs must not increase the noise levels during operation. Noise readings
are recorded periodically by Dfl and can be made available.

All materials and fastenings must be suitable for a marine environment.

The installation will be under survey by the local Lloyd’s Register surveyor. Type approval is
not required for the DPFs but any relevant certification shall be made available.

Fuel and electrical systems required for the DPF installation, and their connection to the
vessels existing systems must meet the requirements of LIoyd’s Register LR 100A1 rules.

Cummins published back pressure limits must not be exceeded. On completion a trial will be
conducted with Cummins engineers to verify the back pressure values of the system.

The DPFs shall be sized in accordance with the measured PM values. Particular note must
be taken of the high levels of particulate found in the generator exhaust.
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r) Anticipated frequency of regeneration must be declared, with an explanation of the
relationship between the filter capacity provided and the regeneration intervals.

s) Regeneration shall be automatic, with a visual indication of operation. Preferably an easily
accessible electronic log shall be generated recording frequency and duration of regeneration
cycles.

t) Suitable bellows must be installed to permit engine and generator movement during operation
without damage to the exhaust system.

u) 2” BSP bosses shall be provided with blanking plugs and seals upstream and downstream of
the DPF for later exhaust gas analysis if required. The bosses shall be positioned clear of
obstructions to allow insertion of a probe similar to that shown in section 6.

v) DPF elements shall be sized to permit removal for deep cleaning as a group not less than
once every 12 months, so that this may coincide with the ferry’s annual maintenance period.
An explanation of how the filters are accessed and removed is required. If there is any
detrimental effect on the efficiency of filters after deep cleaning it must be declared together
with a prediction of cumulative effects on overall efficiency of particulate filtration. If there is
any detrimental effect a forecast of number of deep cleaning cycles achievable before
replacement of the filters must be provided.

w) DPF elements shall be easily removable for despatch for cleaning without the need to move
equipment or services within the machinery space.

x) The weight of individual DPF elements should not exceed manual handling limits if possible.

y) All hangers required for the support of DPFs or other items, and all seatings for equipment
etc shall be supplied, installed and finished by the DPF contractor.

z) Any hot work required to remove existing hangers or install new ones shall be conducted in a
safe fashion liaising with the vessel's maintenance staff at all times and only with their
permission.. A Dfl Permit to Work (PTW) must be authorised by Dfl's Marine Maintenance
Engineer prior to work commencing.

aa)All hot surfaces of the DPFs and pipework shall be adequately lagged with an approved
material.

bb) The vessel is classed with Lloyd’s Register and the DPF installation will be subject to approval
by the local LR surveyor. The Economic Operator is responsible for meeting this requirement
and all associated costs.

cc)On completion of the installation all paintwork, finishes, displaced items etc shall be made
good.

DELIVERABLES
The following items are to be provided:

a) Specification, design, manufacture and delivery to Strangford ferry terminal of all materials
and components, the complete installation, making good, commissioning and trials of DPFs
to both main engines and both generators.

b) Service, maintenance and crew training plans.

c) Spares list comprising operational spares and operational spares for the four DPFs installed

and separately sufficient spare filter elements to allow complete replacement of those within

one main engine DPF and one generator DPF.

d) Drawings and documentation to Lloyd’'s Register for approval and as-fitted drawings and
documentation for the ships documentation pack.
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e) A statement of the lifespan of the DPFs, based on the duty cycle described in this report.

f) Drawings and technical specifications of the DPF units, their location within the machinery
space, preliminary schematic drawings of fuel and/or electrical systems including materials,
standards, pipe sizes, cable sizes and circuit protection and details of connection to the
vessels existing system where required, technical specifications and power requirements for
pumps or electrical heating elements etc.

g) Weights of all major components and systems.

h) Drawings and specifications for components, systems, supporting structure and any other
installation arrangements must be in sufficient detail to permit them to be submitted to the
local LR surveyor for approval and for inclusion in the ships documentation pack. Drawings
to be in AutoCad and PDF format.

i) Incorporation of any LR amendments arising during the installation and approval process,
updating all drawings and documentation to as-fitted on completion and issue Dfl with two CD
ROMs and three paper copies. Drawings to be in AutoCad and PDF format and documents
in Word 2010 and PDF.

j) An agreed commissioning and trials schedule including attendance by Economic Operator
personnel. Trials to include operation of vessel with maximum weight at a range of speeds in
normal conditions and be conducted alongside at Strangford ferry terminal and at sea in
Strangford Lough as necessary. Dfl’'s technical representatives will attend trials and accept
the installation on behalf of Dfl when satisfactory operation is demonstrated. In the event of
any doubt that the reduction in levels of particulates does not meet the stated percentage the
efficiency of the system will be verified by exhaust gas analysis. This will be at the supplier’s
expense only if the analysis proves the DPF does not meet the supplier’s stated performance
levels.

k) A 24 month warranty for components, materials and labour relating to the DPF installation,
commencing from the date of acceptance. Exclusions from the warranty must be clearly
stated.

I) A compliance matrix addressing all requirements of the scope of supply with supporting
evidence of compliance.

5. EXISTING INSTALLATION

5.1 General arrangement of machinery spaces

The vessel is a double ended ferry as shown below.

Normal access to each machinery spaces is via a watertight door in the machinery space bulkhead.
A flight of steps leads down from the main deck to the lower deck. To enable the removal of the
engines or other large items a shipping route is provided for each machinery space via a large bolted
panel in the main deck. The machinery spaces arranged are as shown below:
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5.2

Aft exhaust outlets Fwd. exhaust outlets

Forward
Aft generator generator

General arrangement of machinery spaces

Each machinery space contains a main engine and a generator.
Main engine exhausts

The main engines are Cummins QSK 19-M, rated at 559kW (750hp) at 1800rpm. The engine
datasheet is contained in annex A.

Test bed exhaust data extracted from the datasheet is shown in the table below:

1814 454 595

Photos of the existing arrangement are shown below. The forward main engine is shown; the aft main
engine is similar.
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A flanged pipe is bolted to the outlet elbow of the turbo charger, turning through 90° to a flexible
bellows allowing for engine movement. Downstream of the bellows the exhaust is supported by a
hanger attached to the vessels structure. A sprayhead fitting introduces seawater into the exhaust to
cool it. The sprayhead fitting is arranged so that water cannot work its way back along the dry part of
the exhaust. The cooled exhaust is then at a low enough temperature that rubber hoses and GRP
components may be safely used.

The temperature rating of the rubber hose is 100°C (continuous).

The exhaust, now a mixture of gases and seawater falls into a GRP waterlock which acts as a silencer.
Periodically when the exhaust pressure is sufficient water is blown up out of the waterlock and into a
GRP separator where the internal arrangement allows the separation of gas and water, the water
draining out of the bottom to discharge through the hull below waterline and the gasses to pass along
a GRP pipe to discharge through the hull above waterline. The separator also contributes to silencing
the exhaust.

The mixing of the exhaust gasses and seawater is incomplete, hence a significant quantity of the
particulates are carried through the pipe to discharge above waterline and disperse in the air, where
they are visible as staining.

/ Bellows

\ Riser assembly

Sprayhead Horizontal
outlet flange
(part of

Turbo outlet elbow engine)
(part of engine)

Fwd. main engine dry riser and bellows (lagged)
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Fwd. main engine riser hanger

Sprayhead

Seawater supply to sprayhead

Waterlock

Fwd. main engine sprayhead, inlet hose to waterlock and GRP waterlock
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Gas discharge

Water discharge ¢
Waterlock
A

Fwd. main engine water separator

There are various items of structure, pipe and cable trays in the vicinity of the engines which may
have to be taken into consideration with regard to DPF installation. These vary slightly between engine

spaces and their potential effect on the installation will depend on the size and location of the proposed
DPF.

Some examples are shown below, note that these are not exhaustive:

Deck structure surrounding engine shipping route hatch
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5.3

Cable tray

Fwd. engine cable tray

Hose tray

Aft engine hose tray

Main engine exhaust connection

The DPF inlet pipework must connect with the existing engine exhaust outlet flange, a 90° elbow that
is connected to the outlet of the turbo charger. This flange lies in a horizontal plane. The flange pattern
is a standard ANSI type as shown below:
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5.4

5.5

5.6

Cummins normally acceptable inside diameter for the exhaust pipe is 152 mm (6”).

Main engine sprayhead connection

The sprayhead may be re-used if possible, although the angle may have to be changed depending
on the revised installation, and only if the sprayhead provides adequate cooling to reduce the
temperature of exhaust gases developed during regeneration to be within the temperature limit
(continuous) of the flexible rubber exhaust hose.

The current sprayhead is welded to a stainless steel 304 tube 168.3mm outside diameter, 3.4mm wall
thickness (6” schedule 10). The sprayhead accepts a 254mm (10”) bore rubber hose.

Main engine back pressure
Cummins maximum allowable back pressure is 75mm (3”) Hg.

The calculated back pressure of the existing system is 36.6mm (1.44”) Hg. Measured back pressure
is given in section 7.

Generator exhausts

The generator engines are Cummins 6BT5.9-D(M), rated at 78kW (104hp) prime power at 1500rpm.
The engine datasheet is contained in annex B.

Test bed exhaust data extracted from the datasheet is shown in the table below:

203 224 374 416

Photos of the existing arrangement are shown below. The forward generator is shown, the aft
generator is similar.

A flanged pipe is bolted to the outlet elbow of the turbo charger, turning through 90° to a flexible
bellows allowing for engine movement. Downstream of the bellows a silencer is fitted, supported by
hangers attached to the vessels structure. A 90° elbow is fitted to the outlet end of the silencer with
the sprayhead fitting facing vertically downwards.
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In principle the generators wet exhaust system is the same as the main engine system but on a
smaller scale, comprising a GRP waterlock and separator, the water draining out of the bottom to
discharge through the hull below waterline and the gasses passing along a GRP pipe to discharge
through the hull above waterline.

The temperature rating of the rubber hose is 100°C (continuous).

As with the main engine mixing of the exhaust gasses and seawater is incomplete, and due to the
load experienced by the generator the exhaust is high in particulates.

Riser assembly

Silencer

Bellows

\ Horizontal outlet flange (part
of generator). See also

photo in section 6

Turbo outlet
elbow (part of
generator)

Fwd. generator riser assembly and silencer

Page 13



= Separator
/ &

Gas discharge

/ Sprayhead

Water discharge

\ Waterlock

Fwd. generator sprayhead, waterlock and separator

There are various pipes and items of equipment in the vicinity of the generators which may have to
be taken into consideration with regard to DPF installation. These vary slightly between engine spaces
and their potential effect on the installation will depend on the size and location of the proposed DPF.

Some examples are shown below, note that these are not exhaustive:

Seawater pipe
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5.7

Width constraint on fwd. generator silencer

Hanger support structure

Generator exhaust connection

The DPF inlet pipework must connect with the existing generator exhaust outlet flange a 90° elbow
that is connected to the outlet of the turbo charger. This flange lies in a horizontal plane. The flange
pattern is a standard ANSI type as shown below:
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5.8

5.9

5.10

5.11

Cummins recommended inside diameter for the exhaust pipe for industrial applications is 101.6mm
(4”), however the existing installation is 73mm.

Generator sprayhead connection
The sprayhead may be re-used if possible, only if the sprayhead provides adequate cooling to reduce
the temperature of exhaust gases developed during regeneration to be within the temperature limit

(continuous) of the flexible rubber exhaust hose.

The current sprayhead is welded to a stainless steel 304 tube 76.2mm outside diameter, 1.6mm wall
thickness (3” OD x 16SWG). The sprayhead accepts a 101.6mm (4”) bore rubber hose.

Generator back pressure
Cummins maximum allowable back pressure is 76mm (3”) Hg.

The calculated back pressure of the existing system is 30.8mm (1.21”) Hg. Measured back pressure
is given in section 7.

Fuel supply

For DPF proposals using a diesel fired burner to achieve regeneration, subject to satisfactory design
and approval fuel will be drawn from the vessels fuel system. A schematic of the fuel system is
contained in annex C.

The diesel fuel used on the vessel is low sulphur, 10ppm.
Electrical supply

For DPF proposals using electrical elements to achieve regeneration, subject to satisfactory design
and approval power will be drawn from the vessels electrical system. The generators are rated at
36kW each, for normal use, with a margin. Trials indicated a maximum power consumption of 38kW.

In normal operation power consumption is approximately 16kW, when the hydraulic pump is in
operation this rises to approximately 25kW. Voltages available are 400V three phase and 230V single
phase. Only one generator is run in normal operations the other being held as a stand-by. Use of
generators is alternated to even out the hours run.

The shipbuilder’s electrical schematic drawings are held in a documentation pack and can be made
available for reference if required.
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EXHAUST GAS ANALYSIS

Monitoring and analysis of the main engine and diesel generator exhaust gases were undertaken by
Envirocare in November 2018 with Dfl’s technical representatives in attendance. This involved fitting
a probe into the dry part of the main engine and diesel generator exhaust systems to measure the
chemical and particulate matter components of the exhaust gases. Results from the analysis relating
to particulates are contained within annex F.

The table below shows the measured concentrations of total particulate matter in the exhaust gas of
the forward main engine and forward diesel generator (refer to annex F).

Forward main engine 46.3 mg/Nm3

Forward diesel generator 192.3 to 232.2 mg/Nm3

Measured concentrations of total particulate matter

Note; mg/Nm? is milligrams (of particulate matter) per cubic metre of exhaust gas. The ‘N’ refers to the fact that
the data is normalised to ‘standard temperature and pressure’ and is not Newtons.

It can be seen from the table above that the diesel generator's exhaust has a much higher
concentration of particulates than the main engines. The exhaust gas monitoring measured the
concentration or density of particulates per cubic metre of exhaust gas and the diesel generator
engines have a concentration that is four to five times greater than that of the main engines.

However, the main engines are much larger and more powerful diesel engines than the diesel
generator engines and hence have a much higher exhaust gas flow rate. To estimate the overall
emission discharge rate the measured density was multiplied by the exhaust gas flow rate, as shown
in the table below. The exhaust flow rates are from the engine datasheets (annex A and B) and are
for the engines at maximum rated power.

Fwd main 46.3 1,814 6.530 0.30
engine

Fwd diesel 212 203 731 0.15
generator

Determination of PM emission discharge rates from exhaust gas monitoring measurements

It can be seen from the table above that the discharge rate of particulate matter for the main engines
is twice that for the diesel generators. This result is based on the engines operating at their maximum
rated power and when the vessel is in normal service this is not the case. The main engines are
typically operating at half to three quarters power and the diesel generators are operating at around
25% rated power. The exhaust gas flow rate is related to the fuel burned and the engine running
speed, so in reality it is likely that the PM discharge rate for the main engines is more than twice that
for the diesel generator.

Inspection of the exhaust outlets indicates that the main engine and generator both have very sooty
exhausts, see photograph below. It can be seen that the main engine exhaust discharges a greater
quantity of soot than the diesel generator.
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MV Strangford Il fwd. exhaust outlets — diesel generator right, main engine left

The higher PM discharge rate of the main engines than the diesel generator is compounded by the
fact that when the ferry is in service both main engines are operating but only one diesel generator.
So the total PM discharge of the two main engines is likely to be significantly greater than four times
that of the single diesel generator.

In summary, the diesel generators have a much higher concentration of particulate matter in their
exhaust gases, but the main engines have a much higher particulate matter discharge rate due to
their much higher power and higher exhaust flow rate compounded by the fact that both main engines
are operating with the vessel in service but only one diesel generator.

For information photos are shown below of the testing arrangements and soot deposits within the
generator elbow removed for the purposes of the analysis. The elbow was replaced by a similar
component with a 2” BSP boss to accept the test probe. The engine exhaust elbows were similarly
treated.

For subsequent monitoring purposes each DPF installation requires 2° bosses in convenient,
unobstructed locations upstream and downstream of the DPF for particulate matter measurements to
determine efficiency of the filtration when required.

The bosses should be no thicker than 50mm. There must be 1m clear space to orientate and insert
the probe; this may determine the location of the boss if there is any vessel structure or services in
the way.
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Horizontal outlet
flange (part of
generator)

Probe fitted on generator exhaust

Soot deposits within boss on generator exhaust
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BACK PRESSURE AND EXHAUST TEMPERATURE TRIALS

Notwithstanding the test bed exhaust gas temperatures it was considered that due to the operational
profile the engine and, in particular the generator, exhaust gas temperatures were actually lower. To
determine the back pressure and exhaust gas temperatures developed in service a series of trials
with the ferry travelling between Strangford and Portaferry were conducted on the 20t June 2019,

and the results presented below to assist with DPF design and specification:

Forward main engine:

Strangford 14%
241 430 1.0 0.9

10.45am 51%

Portaferry 24%
314 438 1.0 0.55

11.00am 48%

Strangford 14%
221 427 0.9 0.9

11.15am 51%

Low water 10.00am. Start trial 10.45am. Engine at 1400rpm. Flood tide

Aft main engine:

Portaferry 19%
268 458 1.1 1.2

11.30am 54%

Strangford 22%
290 429 1.1 1.2

11.45am 48%

Strangford 15%
255 444 1.1 1.2

12.00am 50%

Low water 10.00am. Start trial 11.30am. Engine at 1400 rpm. Flood tide
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Both main engines, full pitch 1800rpm, vessel moving with the tidal flow of 6 knots:

Fwd. main engine 435 0.8 98%

Aft main engine 427 0.9 98%

Both main engines, full pitch 1800rpm, vessel moving against the tidal flow of 6 knots:

Fwd. main engine 445 0.8 91%
Aft main engine 442 1.0 97%
Generators:

Fwd. generator 1.3 1.7 110 155

Aft generator 0.9 1.3 110 148

*6BT generators sets do not have an exhaust gas temperature thermal coupling, therefore
exhaust temperature readings refer to the temperature of the exhaust elbow at the outlet, as
read by a standard laser temperature sensor.

Exhaust back pressure was measured via a digital gauge; the pressures fluctuated during
running of each engine due to the nature of the water injection system and waterlocks.

The pressures were data logged for approximately 15 seconds then an average reading
established and recorded. At no time were any pressures sighted above 2.1in Hg.

It can be seen that due to the duty cycle the main engine exhaust gas temperatures fall whilst the
engines are lightly loaded when loading and unloading at the slipway, rising as the vessel makes its
way across the Lough. Generator exhaust gas temperatures are always low, since even when more
highly loaded the generator diesel engine is still too large.

The duty cycle for a typical day is four crossings in an hour and the ferry runs for up to 15 hours a
day. There are two ferries which are used alternately so either ferry may not be in continuous use. It
may be assumed that the ferry operates at the frequency above for six months in a year.
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8.

ANNEX A — CUMMINS QSK 19-M DATASHEET
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General Engine Data
Engmne; Mool oo e ve i i it e s e S e e L e At oL S S 2 S s e e

Rating Type ..........
Rated Engine Fower .
Rated Engine Speed ...... .

Rated Power Production T-::Ieran{se
Rated Engine Torque .. . M-m [Ib fi]
Feak Engina Tc-rque@_ 15[)[! rpm e e L TR e B L e T R B s S M I
Brake Mean Effective PrEssUre ... ..o i et et e e s mmmnnsean s s emmmes aene -- KD B [PS]
Indicated Mean Effective Prassure. .. ... e e aeeeee oo RPE [PSI]
klaximum Allowsable Engine Speed . ..rpm
Maximum Torgue Capacity from Front {:-f l!:rslnh:2 ................................................................. N m [II:- fi]

oSl O R L R R L o S e B S R S s

Pabon Speed s o s i i o e S i Al e L R L R B e L e v e [TEmdn]

L0y T T e =T P

Wieight [Diry) - Engine Onby - AeIBE ..ot oe oo e ecseme s e am oo eee s e e en mnm s s e see s emmms mmm o kg [Ib]
Weight {Dry) - Engine With Heat Exchanger System - Average....... ... kg [IB]
Weight Tolerance (Dry) Engine Only ... et e e e e ...3x5td Dev| £%)

Governor Settings

Default Droop Walwe..............ccoccoveeee e vee . .Refer to MAB 2.04.00-03/23/2008 for Droop explanation
Elinimum Droop Allowed ..
Maximum Droop Alluwed

High Spesd Gowvermar Emeak F'c-lnt SLACTEERA S S At e e e S At S e T

Minimum Idle Speed Setfing ... ..
Mormal Idle Speed WVariation ... _rpm
High Idle Speed Range Minimum .

Noise and Vibration

Average Moise Level - Top (e e S N T T
MRBbary v s s e e L
Awerage Moise Level - Right Side (idie).. .
(Ratad)
Average Moise Level - Left Side (idie).. . b
(Rated) ... dBA @ 1M
Average Moise Level - Front 1 P S PR LT Rt =/ o+ i L
(Rated) ... dBA @ 1Tm

Fuel System’

Awg. Fuel Consumption - 150 8172 E3 Standard TestC}.rcIE P PPN I} 5| o [« =11l o1y
Fuel Consumption at Rated Spead .. e o e e S R RSN e ottt || -1 1 T
Approximate Fuel Flow to Pump .. : S i o S g it g, B it e LTS [T
Mlaximum Allowsable Fuel Supply tn F'u mp Temperat..lre ............................................................ *C [°F]
Approximate Fuel Flow Return to Tank .. CLid s e R B e s e et e o e [T
Approximate Fuel Return tDTankTemperalure PP &4 b o |
Maximum Heat Rejection to Drain Fuelk'.ﬂ.l' [Btul'min]

TED=Ta Ea Detarmined Hi& = Mot Appilosble

s Unase cthenwics cpsatiied, all deis o 28 reiesd power condBionc and oam wary = 5%.

= Wo rear losde oan Be appllsd when the FFTO bs Tully lcadad. &ax FTO torgua |o contingsant on forslional snalyels racutic for the specifio drive
cystem. Comcult Instaliation Dirsoton Bookled for Limitabions.

2 Heat rejecdion io poolent valuec am bacad on 60°% weteriBI%E ethylene ulw-ol mix and do HOT Innlunu Touling Taciore. H couming your own sooler,
& cenvioa fowling factor chould be applisd ansonding to She coclar 3

1 Concult opbon nofes for fiow specfications of opbicnal Cummine ceavwsise purnpls I appilosils,

5 May not be af reted load and cpsad. Maxkum Beat rejaction may ooar st other than reted condsionc.

CUMSIN 3 ENCINE COMPANY, INC
COLUMEL B, IMDIANA

AN Deta lo Bubjeot o Changs Withoud Hoflos - Concult the following Cummins bvtranst cie for moct repené data:

Curve No. M-4533

D5 :
CPL :

DATE:

D19-MX-1
3455
24-Aug-11

QSK19-M
Heawy Duty
558 [T50]
1800
3
2865 [2138]
3074 [2288]
1877 [287]
3863 [575]
2450
2338 [1725]
15:1
B.5 [1875]

1-5-3-8-2-4

2200 [4850]
2336 [5150]
10.0

5%
0%
16%
1800
550
10
1800
1885

B2
a3
B5
o]
&5
o]
87
100

0.2 [26.2]
140.4 [37.1]
378.5 [100.0]
0.0 [140]
238.1 [82.9]
51.3 [124]
1.4 [78]

H.A = Miok Available
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Propulsion Marine Engine Performance Data

Air System?

Intake Manifold Pressune .o e i s e et e e aem i mmm e e e ¢ nmmimmmnienenee - I B [ETY HIE]

Intake Air Flow .. - W=sec [cfm]

Heat Rejection to Amblent i G TR S R SO Rl el SR i e e et ee e WU [ ERG i)
Exhaust System®

Exhanat e PO ::cc oo o s i s i e 0 s R SR Sl e e o I'sec [cfm]

Exhaust Gas Temperature [Turbine U] . e e e °C [°F]

Exhaust Gas Temperature (Manifold]) .. ... e e i e e e e G [*F]

Emissions (in accordance with 150 8178 Cycle EZ)
N (Ondides of MIrogen] ...ttt e et e s ee e mee oo e RO TIE [gfhp-hir]
HC (Hydrocarbons) .................... g'kow-hr [gihp-hr]
CO {Carbon Monoxide) ..
FPM (Particulate Matter) .

Cooling System?
Sea Waler Pump Specdifications ... e e MAB 0.08.17-07M118/2001
Pressure Cap Rating (With Heat Exchanger Option] ... e e kF'a [psi]
Max. Coclant Cutlet Pressure from the Engine... kFa [psi]
Max. Pressure Drop Across Any External Canllng E'y'StEITI C.lrcn.ut i e i e i e i aees o RN, [RESHH]

Engines with Low Temperature Aftercooling (LTA )

Single Loop LTA

Coolant Flow to Cooler (with blocked open thermostat)... ... Lirnim [galimin]
LTA Thermostat Operating Range (Start to Open)
LTA Thermostat Operating Range (Full Open) ... ...

Heat Rejection to Engine Coolant™ .. .

Maximum Coolant Inlet Tempemture fr|:|m LTA C-noler ................................................................ "G [°F]

TED=Tao Ea Detarminsd WA = Nod Appllosnle

s Unlasec odhenwics cpsatfied, all dais o =8 radsd power condBionc and pam vary = 5%.

= Wo rear losds osn B applisd when the FETO ks fully loadad. Rax PTO torgue |o confingent on forclonal snalycls recultc for Bhe specifio drive
cystam. Comsult Inctaliation Dirsobon Bookied for Limitations.

2 Haat rejscdion to ooolssd valusc are bacad on G605 walseiB3%E sthylena nlw-ol rnhc and do HOT Innlunu fouling facdore. B courolng wour cwn ooober,
& cendioa Towling factor chould be applisd aosording to $he coclar

1 Concult opton nofes for flow specifications of opticral Cummine seawsisr purnpls I appilosbis,

5 May not be af raied koad and cpsad. Kaxioum Beat rejsodion may oooar st other tham rxted condsionc.

CUMNEH 3 ENGINE COMPANY, INC
COLUMELE, INDIAMA

AN Data lo Bubject to Changs Withowsd Hoflos - Concult the fallowing Cummine krtranst s for moct reoent data:

Curve No. M-4533

D5:
CPL:

DATE:

D19-MX¥-1
3455
24-Aug-11

225 [86]
756 [1602]
50 [2365]

1314 [3.844]
454 [845]
505 [1,103]

6.37 [4.75]
0.0% [0.06]
1.31 [0.98]
0.06 [0.05]

103 [15]
207 [30]
34 [5]

238 [83]
85 [150]
80 [175]

445 [25400]
40 [120]

H.A. = Mot Avallable

Page 24




9.

ANNEX B — CUMMINS 6BT5.9-D(M) DATASHEET
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10. ANNEX C — FUEL SYSTEM SCHEMATIC
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11. ANNEX D — INDICATIVE SEQUENCE OF INSTALLATION (INFORMATION ONLY)
e Make all necessary systems safe

e Disconnect and temporarily terminate services running in trays which require to be re-
routed

e Remove trays, and other minor items as necessary

e Remove insulation and disconnect engine exhaust upstream of the water separators
e Unbolt GRP waterlocks

e Erect weatherproof shelters and unbolt engine shipping route hatches

e Remove unwanted exhaust system components and hoist out waterlocks

e Cut off redundant hangers and other structure etc

¢ Hoist in replacement waterlocks and DPFs

¢ Replace engine shipping route hatches and dismantle weatherproof shelters

e Temporarily support DPFs in position, dry fit components between engine and DPF and
measure/template for new hangers

¢ Remove exhaust components and move DPFs out of the way if necessary, install new
hangers

o Install DPFs

¢ Install GRP waterlocks

e Connect up dry and wet parts of the exhaust system, and water injection supply
e Fitinsulation

e Reinstate trays and services, reconnect services and test. Replace any minor items
disturbed during installation

o |Install regeneration systems, including tapping into diesel fuel supply system or making
electrical connections etc

¢ Painting, finishing and cleaning
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ANNEX E - INDICATIVE LAYOUT OF DPFS (INFORMATION ONLY)
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13.

ANNEX F — EXHAUST GAS ANALSIS RESULTS

Fwd Main Engine

Entire Sampling Period

Periodic Monitori Accreditation
Substance to SRS . = Reference Date of Start and ne
be Monitored g | Units - Conditions | Sampling | End Times for of
Result Reference Method
Total Particulate 273K, i i Based on
Matter 463 mg/Nm?* 0.8% 101.3kPa, dry 13/11/18 1097-11:11 | oo ooy None
Oxides of i 273K, : i
Metrogen 918.7 mg/Nm 1.9% 20 340 ey 13/11/18 10:19-12:47 BS EN 14792 MCERTS
Carbon 273K, . -
et 2242 mg/Nm? 48% 101.3kPa, dry 13/11/18 10:19-12:47 BS EN 15058 MCERTS
Oxygen 12.9 3 a3 273K, 13/11/18 10:19-12:47 BS EN 14789 MCERTS
g : : 101.3kPa, dry :
Fwd Generator
Baseline — Generator running but no activity
Periodic Monitoring | Accreditation
Substance to Reference Date of Start and
be Mon Y Monitoring | Units | Uncertainty i pling | End Ti Method for use of
Result Reference Method
Total Particulate 273K Based on
3 o “S0-16
Niier 205.1 mg/Nm 0.8% 101.3kPa, dry 14/11/18 15:50-16:01 o6 i 139844 None
Oxides of 5 273K, . :
Nitrogen 421.7 mg/Nm 1.9% 101.3kPs, dry 14/11/18 15:50-16:01 BS EN 14792 MCERTS
Carbon 273K,
H d 0.
Moncide 355.4 mg/Nm 3.5% 101.3kPa, dry 14/11/18 15:50-16:01 BS EN 15058 MCERTS
Oxygen 16.6 % 1.2% 273K, 14/11/18 | 15:50-16:01 | BSEN 14789 MCERTS
e - . 101.3kPa, dry B
Ramp operation — including engine warm up
Periodic Monitori Accreditation
Substance to Reference Date of Start and b
be Mo y Monitoring | Units | Uncertainty i sampling | End Ti Method for use of
Result Reference Method
Total Particulate 273K Based on
3 o +37.14¢
Matter 192.3 mg/Nm 0.8% 101.3kPa, dry 14/11/18 14:3218:58 | oo ey None
Oxides of 273K
3 . +37.14~
Nitrogen 504.8 mg/Nm 1.9% 101.3kPa, dry 14/11/18 14:32-14:54 BS EN 14792 MCERTS
Carbon ) 273K, " ’
Moncide 400.5 mg/Nm 3.5% 101.3kPa, dry 14/11/18 14:32-14:54 BS EN 15058 MCERTS
Oxygen 16.4 % 1.2% 293K, 14/11/18 14:32-14:54 BS EN 14789 MCERTS
xyge! : . 101.3kPa, dry o
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Fwd Generator

Ramp operation — Multiple operation of ramps

Periodic Monitori Accreditation
Substance to Reference Date of Start and ne
be M Y Monitoring | Units | Uncertainty i ol End Ti Method for use of
Result - Reference Method
Total Particulate . 273K, —— Based on
et 220.0 mg/Nm 0.8% 101.3kPa, dry 14/11/18 IREISIE. | oo siens None
Oxides of 273K
3 . R.15*
Nitrogen 510.2 mg/Nm 1.9% 101.3kPa, dry 14/11/18 15:08-15:18 BS EN 14792 MCERTS
Carbon ) 273K, [P
Rssiaren 354.4 mg/Nm 3.5% 101.3kPa, dry 14/11/18 15:08-15:18 BS EN 15058 MCERTS
Oxygen 16.3 % 1.2% e 14/11/18 15:08-15:18 BS EN 14789 MCERTS
Ve : : 101.3kPa, dry el
Auxiliary equipment — Operation of pumps, and canteen facilities
Periodic Monitori Accreditation
Substance to Reference Date of Start and ne
be M Y Monitoring | Units | Uncertainty i ol End Ti Method for use of
Result ¢ Reference Method
Total Particulate 273K Based on
3 v 3715
it 2322 mg/Nm 0.8% 101.3kPa, dry 14/11/18 PRI | o v None
Oxides of s 273K, . ;
Nitrogen 548.8 mg/Nm 1.9% 101.3kPa, dry 14/11/18 15:27-15:39 BS EN 14792 MCERTS
Carbon 273K
L] * 3715+
Reesintiod 374.0 mg/Nm 3.5% 101.3kPa, dry 14/11/18 15:27-15:39 BS EN 15058 MCERTS
Oxygen 15.9 % 1.2% 273K, 14/11/18 | 15:27-15:39 | BSEN 14789 MCERTS
101.3kPa, dry
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DFI ROADS AND RIVERS PROCUREMENT BRANCH
HANDOVER DOCUMENT

This Handover Document sets out the key aspects of the Contract including the
management/monitoring Arrangements.

Contract Details

Project Number and Title of CfT:3370640 DFI Roads and Rivers -
Contract Strangford Lough Ferry Service -
Design, Supply and Installation of a
Diesel Particulate Filtration System for

MV Strangford Il
Contract award date 19 March 2021
Contract Commencement 22 March 2021
date
Contract duration and value The Contract shall take effect on the
(for Initial Contract Period) Commencement Date and shall run until

the end of the warranty period.

Total Contract duration and As above
value (including options to

extend)

Name of Contractor(s) HALYARD (M & |) LTD

Contractor’s address 86 Cobham Road
Ferndown Industrial Estate
WIMBORNE
BH21 7PQ

Contractor’s point of contact | || EGEGNG

Contractor’s telephone R

number N

Contractor’s email address | |GGG

CoPE contact email address pb2@infrastructure-ni.gov.uk




Security Requirements [if applicable]

The Departmental ADSO advised that Baseline Personnel Security
the Contractor required the security Standard - Basic Disclosure
level opposite.

The PM should ensure that the Contractor has achieved the correct level of
security vetting prior to the commencement of the contract and that this level
is maintained by the Contractor staff throughout the contract duration.

Payment Terms and Invoicing Arrangements

The payment terms are as follows: -

Milestone payments will be made as follows;

1 Specification and design approval by MCA and Lloyds Register

2 Manufacture and delivery of entire system to Strangford Ferry Terminal
3 Installation and modifications on board MV Strangford Il

4 Commissioning system including all sea trials, crew / staff training

Costs provided at tender stage will remain unchanged for the duration of the
contract period.

Halyard CfT3370640 Halyard Estimated
- Schedule 2 - PricinDPF fuel costs Stran

Invoices must be sent electronically to Account NI via structured PDF to

¢ Billing Method = email invoices to invoices@accountni.gov.uk

AccountNI Oracle CPA Number 6210135946

Key Performance Indicators

KPls are as per Specification and Conditions of Contract

= =

3. CfT3370640 -  2b. CfT3370640 -




Contract Management Procedures

Contract management should be in accordance with Central Procurement
Directorate Procurement Guidance Note 01/12.

https://www.finance-ni.gov.uk/articles/procurement-quidance-notes-pgns

Where applicable the contract should be managed in line with the Monitoring
Schedule, which is part of the Conditions of Contract.

Contract Review Procedures

A formal post project evaluation meeting will take place after completion of the
project.

The Contract will be continuously monitored against the KPIs as detailed in
the tender documents and the arrangements outlined in the monitoring
schedule.

The pattern of review above should be in line with any applicable Monitoring
Schedule.

Dispute Resolution and Escalation Procedures

If any dispute arises between the parties under or in relation to the Contract, it
should be managed in accordance with the relevant Clauses within the
Conditions of Contract. Dfl Roads and Rivers PB should be notified
immediately of any such disputes.

Procedures for Contract Variation

Any variation to the contract must be carried out in accordance with the
relevant Clauses of the Conditions of Contract.

Any such variations must be recorded using the Contract Variation Form at
Annex A.

Dfl Roads and Rivers PB should be consulted PRIOR to any contract
variations.

Sustainability




The Terms and Conditions included the following sustainability clauses as
standard Prompt payment, Payment of sub-contractors on "no less
favourable terms" than those contained in the prime contractor’s contract.
Equality of Opportunity and Health and Safety.

Annex A



VARIATION TO CONTRACT FORM

CONTRACT TITLE: e
FOR THE PROVISION OF: ...t

CONTRACT REF: ............. VARIATION NO: ............... DATE: / /

BETWEEN:

1.  The Contract is varied as follows:

2. Words and expressions in this Variation shall have the meaning/s given to
them in the Contract.

3. The Contract, including any previous Variation(s), shall remain effective and
unaltered except as amended by this Variation.

SIGNED:
For: The Client For: The Contractor
Signature: ... Signature: ...
Full Name: ..o Full Name: ..o
Grade: ... Grade: ....coeeeiii
Date: ..o Date: ..o




CfT:3370640 DFI Roads and Rivers —Strangford Lough Ferry Service — Design, Supply and Installation of a Diesel Particulate Filtration System for MV Strangford Il

SCHEDULE 2 - PRICING SCHEDULE

Tenderers must fully complete the Pricing Schedule for each field highlighted in yellow. All costs will then be added together to give an Overall Total Cost. This figure will be used for evaluation purposes. All prices submitted must be in
£ sterling and exclude VAT.

The prices below must include all costs associated with the work carried out for this project as detailed in the Specification including, but not limited to, the following:

a) All costs associated with the specification, design and manufacture of the four DPF units and associated systems for MV Strangford II.

b) All costs associated with the installation of the four DPF units and associated systems within MV Strangford Il with the vessel alongside in Strangford, NI.
c) All costs associated with the commissioning, testing and acceptance of the installation within MV Strangford Il within Strangford Lough, NI.

d) All costs associated with the project management of the project.

e) All the economic operator's travel and accommodation costs associated with the project.

f) Establishment charges, Overheads and Profits.

g) Insurance as per the contract.

(
(
(
(
(
(
(

Unit Quantity Price JOIAS Notes

Specification, design and approval from

Lloyds / MCA. ftem !

Manufacture and delivery to 1 The Slip

Strangford. item 1

Installation, commissioning, sea trials and

testing. ftem !

Crew training. This is to include, but not be
limited to, provision of hard and soft copy
manuals, on-site training in the operation and
maintenance of the system and health and
safety procedures such as removal of filters
for deep cleaning.

item 1

Annual operating cost of the complete
installation including the cost of additional
fuellelectric power for regeneration of the
four DPF units.

item 1

The cost of deep cleaning of all the filter
elements including an estimate for shipping
costs from ferry to manufacturers site and
return.

item 1

The cost of any parts and/or consumables
required to operate and maintain the item 1
installation for a 12 month period.

The cost of sufficient spare filter elements to
allow complete replacement of those within
one main engine DPF and one generator
DPF.

item 1

Overall Total tendered cost (Contract Price) to be used for evaluation purpose




Estimated Fuel Costs for DPF

Fwd Main Engine
Aft Main Engine
Fwd Genset

Aft Genset

Running
Hours/Day

16
16
16
16

Running
Hours/Year

5840
5840
5840
5840

Fuel

Qty of Regens/ Consumption L Consumption

day / Regen.
(Regen approx
every 8 hours)

N N NN

Totals

Fuel Cost £/Litre

N N U1

14

£0.70

Daily Fuel
(Litres)
10
10
4
4
28

Annual
Consumption

10220

£7,154
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