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Executive Summary

The main business demand for the Spaceport-1 (SP-1) facility is for the operation of sub-orbital
sounding rockets. It was envisaged that orbital launches would be facilitated sometime in the future
and in the interests of economies and future proofing the launch site, this Airspace Change Proposal
(ACP) originally covered both sub-orbital and orbital airspace requirements despite the requirements
being significantly different. The planning application for the SP-1 launch site is however limited to
sub-orbital launch only and to avoid confusion and possible misinterpretation of intent, it was decided
that the ACP should focus solely on sub-orbital rocket launch. This ACP was subsequently de-scoped
in September 2022 to capture only the requirements for sub-orbital sounding rocket launch; all
stakeholders were informed accordingly through the Step 2A engagement process.

The airspace change Sponsor developed a variety of airspace design options which were shared with
a wide range of identified stakeholders including those who were engaged in Stage 1B of the process.
Feedback on the design options and how they aligned to the Design Principles (DPs) was invited.
Despite a four week engagement period, feedback received was limited to the three main stakeholders;
the Ministry of Defence (MOD); Highlands and Islands Airports Ltd (HIAL); and NATS. From the
feedback obtained and meetings held with MOD and NATS, it was concluded that only three of the six
options presented were credible to take forward into Step 2B, namely:

e Option 3 - New fillet of airspace around launch site and use of existing Danger Areas D701,

e Option 4 - Creation of a whole new bespoke modular airspace structure from the SP-1 site;
and,

e Option 5 - Used in conjunction with Option 3 and applying sub-divisions/reconfiguration of
D701.

Stage 2B requires an initial appraisal of the impacts of the design options against a “do nothing” option.
The chosen methodology was to conduct a simple qualitative assessment of the three different options,
both positive and negative, against the headings identified in Civil Aviation Publication (CAP) 1616,
Appendix E, Table E2: “Guide to expected approach to key analysis for a typical airspace change”. An
initial indication of safety implications was also produced.

From the options appraisal, Option 3 emerged as the preferred option, followed by Option 3 with
Option 5, and then Option 4. The latter option is considered the most costly in terms of operational
cost (for ANSPs and the MOD Hebrides Range) especially when balanced against planned use (10
launches per year). Moreover, there are potential negative safety implications associated with two
similar airspace structures with different airspace management procedures being superimposed in the
same area.
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1. Introduction

1.1 Introduction

The report is compiled as part of the ACP process prescribed in CAP 1616 [A] for a permanent airspace
change. ACP-2021-12 has been commenced in order to establish segregated airspace to facilitate
sub-orbital rocket launch from the Spaceport 1 (SP-1) launch site on the Outer Hebrides as shown in
Figure 1.

30 | g ]
SP-1 Launch Site
S s e 3 {4

CRay R

| Figﬂre 1: SP-1 Launch site location

The SP-1 consortium led by the local council, Comhairle nan Eilean Siar, and comprising Highlands &
Islands Enterprises (HIE), private investors and QinetiQ, are developing, subject to planning consent,
a vertical launch spaceport located at Scolpaig, North Uist. This site is being developed as an
opportunity in support of the UK government’s spaceflight programme, ‘LaunchUK’, which aspires to
grow the UK’s global market share of the space sector to 10% by 2030 and be at the forefront of small
satellite launch capability. QinetiQ is the airspace change Sponsor for this proposal, which seeks to
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secure suitable airspace for the safe operation (from launch to splashdown) of sub-orbital sounding
rockets operating from the SP-1 launch site at Scolpaig, North Uist.

Despite the main business demand for the SP-1 facility focusing on the operation of sub-orbital
sounding rockets, it was envisaged that orbital launches may be facilitated sometime in the future. It
was therefore decided, in the interests of economies and to future proof the launch site, that this ACP
should capture the airspace requirements for both sub-orbital and orbital rocket launches despite their
differences. However, driven by the planning application for the SP-1 launch site, which only considers
sub-orbital launch, it was subsequently decided to de-scope the ACP to facilitate just sub-orbital
launches. This was to prevent any confusion and possible misinterpretation of intent to those
stakeholders with a vested interest in the planning process. Itis recognised that should orbital launches
become an option in the future then this will be the subject of a new planning application and ACP.

This report makes a number of references to the airspace design options and design principle
evaluation report available on the CAA airspace portal at Reference [B]. Furthermore, several items of
evidence supporting the qualitative assessment used in this document refer to work undertaken in the
ACP for a Temporary Danger Area (TDA) at the Scolpaig launch site (ACP-2021-37), details can be
found on the CAA airspace portal at Reference [C].

The nature of modern sounding rockets, with limited pedigree and testing, means there is very limited
evidential data available to conduct meaningful safety analysis so a more generic exemplar approach
is made to determine the airspace requirements for rocket launches. This exemplar approach is
underpinned by experience and safety assessment criteria used by QinetiQ for the rocket launches
conducted during the At Sea Demonstration/Formidable Shield (ASD/FS) large scale military exercises
that occur bi-annually at the MOD Hebrides Range. Using this data, combined with what is known of
the various rocket types, a worst-case scenario is developed and the airspace volume designed around
this to ensure aircraft operating at or outside the airspace boundary are not exposed to any additional
credible risk. The airspace dimensions thus determined might be greater than actually required for all
rocket launches and to address this, outside of the immediate! launch site, a modular design is
promoted that enables different segments of airspace to be activated to meet the specific requirements
of individual sounding rockets. Such a design may involve use of the existing airspace structure of
EG D7012, or design of a wholly new bespoke set of areas; both options are presented here along with
the option to modify the D701 areas to enable more efficient use of the airspace.

At this stage of the process, it is not possible to monetise costs and benefits due to the nature of rocket
launch where there are no benefits to other airspace users, only costs. Furthermore, the value of
rocket launch is extremely difficult to quantify given the infancy of the capability and business. However,
it has been identified that SP-1 will drive growth in the local economy, creating:

1 The minimum airspace requirements around the launch site are known and have been calculated using
experience and safety processes used in launching ballistic missile targets from the MOD Hebrides
Range and using an exemplar ‘worst-case’ scenario rocket type.

2 EG is the ICAO designator for UK Segregated Airspace and D specifies Danger Area — EG D701 is
abbreviated to D701 throughout this document.
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¢ Much needed jobs for younger people (thereby slowing down the exodus of younger persons
from the Outer Hebrides);

e Revenue for local businesses; and,

¢ Indirect benefits to local businesses providing support to the UK space sector.

The negative impacts are likely to be environmental cost associated with SP-1 operations where
Commercial Air Transport (CAT) is required to re-route around the activity thereby increasing fuel burn
and COzemissions. It is not considered proportionate to provide a quantified assessment of what this
impact will be for each of the options at this stage of the ACP process (this will be captured in later
stages); suffice to state that any one of the three options will have an environmental impact.

1.2 Purpose

The purpose of this report is to demonstrate that the Sponsor has followed due process as defined in
CAP 1616 [A] for Stage 2 Step 2B of the ACP process as far as it is practicably possible for a permanent
airspace change to facilitate vertical sub-orbital rocket launch. The report forms part of the overall
requirements for the Stage 2 Develop and Assess Gateway.

1.3 Report Structure

The report is split into the following sections

e Section 1
o Introduction
o Purpose
o Structure
e Section 2

o Statement of Need

o Design Principles

o Design options summary
e Section 3

o Initial impact appraisal of design options
Methodology
The Do-Nothing option (Baseline)
Options appraisal
Conclusion of options appraisal summary
Evidence to be collected for full appraisal
10 year forecast
Assessment of noise impact and high level assessment of other costs and benefits for
each airspace design option
Noise modelling requirement
Tranquillity and biodiversity
Safety assessment
Airspace classification options
Airspace classification comparison

O 0O O O O O O

O O O O O
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o Measures to reduce impact on other airspace users
e Section 4
o Next steps
e Section5
o Glossary
e Section 6
o References
e Appendices
o A - Evidence from Environmental Impact Assessment (EIA)
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2. Statement of Need & Design Principles

2.1 Statement of Need (SoN)

Since the SoN was written orbital rocket launch airspace requirements have been removed from this
ACP.

“A consortium led by the local council (Comhairle nan Eilean Siar), comprising Highlands & Islands
Enterprise, private investors and QinetiQ, are developing a vertical launch spaceport site, herein known
as ‘Spaceport 1’, at Scolpaig, North Uist on the Western Isles. This site is being developed as an
opportunity in support of the UK government’s spaceflight programme, ‘LaunchUK’, which aspires to
grow the UK’s global market share of the space sector to 10% by 2030 and be at the forefront of small
satellite launch.

Spaceport 1 has been the recipient of local government investment to construct a vertical launch
spaceport that will enable small satellite launch. Development of the site and future use by operators
will generate much needed revenue for local communities. It is envisaged that significant economic
return will result from the creation of high quality job opportunities for local residents, direct and indirect
financial income and an increase in personnel residing and visiting the area.

The location has been carefully selected in order to minimise disruption to the public and airspace
users, the latter through the exploitation of the existing Ministry of Defence (MOD) managed Danger
Areas known as the Hebrides Range; the EG D701 complex. Using irreducible spare capacity of the
existing Danger Area complex will enable safe testing of suborbital ‘sounding rockets’ and future small
satellite launch rockets®. The existing Danger Areas are fully integrated into systems and processes
employed by the UK Airspace Management Cell (AMC) and the EUROCONTROL Network Manager
enabling harmonised and dynamic planning of the Air Traffic Management (ATM) network. Moreover,
it is envisaged that QinetiQ will manage any ‘new’ airspace created under the ACP in exactly the same
fashion the Hebrides Range airspace is managed, thereby utilising existing airspace management
processes and procedures enabling efficient use of airspace under the Flexible Use of Airspace (FUA)
concept. Furthermore, this will facilitate expedient transfer of airspace use from MOD activity to
Spaceport operations as well as accommodating short notice changes and, where appropriate,
coincident operations.

The Spaceport 1 site at Scolpaig currently lies beneath Class G unregulated airspace but is only a few
miles from the EG D701 complex. As rocket launch will pose a risk to other airspace users, there is a
requirement to safely segregate such activity to minimise risk. Segregation is normally achieved
through the promulgation of temporary reserved airspace activated by a Notice to Airmen* (NOTAM).
However, as the airspace is likely to be needed on a regular basis, the promulgation of a NOTAM

3 The requirement for orbital launch options is no longer included in this ACP.

4 Since the SoN was produced the CAA have changed the terminology to be gender neutral and should
now read: ‘Notice to Aviation’.

QINETIQ/23/00010
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detailing the coordinates and control procedures for every launch is probably not appropriate as a long
term solution. Furthermore, such temporary airspace is not fully integrated into the airspace
management systems and has to be created on a case by case basis thereby increasing workload
and, by necessity, the notification periods for activation.

It is therefore considered an ACP is required to provide a small fillet of segregated airspace that
provides both adequate protection for the spaceport activities and connects the spaceport with the
Hebrides Range Danger Areas. It should be noted that the MOD has developed an agreed process
for non-MOD activities to be conducted in MOD sponsored Danger Areas such as the Hebrides Range.
This formalised process is an enabler that should allow Spaceport 1 to operate, under certain
conditions, in the Hebrides Danger Areas. The small fillet of airspace required under the ACP effectively
joins the most easterly boundary point of D701E with D701Y, where the latter adjoins D704.

The ACP will enable both sounding rockets to be tested (nominally on a westerly bearing) and small
satellite rocket launch to the North®; both trajectories maximising the use of the D701 complex.”

2.2 Design Principles (DPs)

It should be noted that the expanded explanation of DP2 and DP3 make reference to orbital rockets,
which have since been removed from this ACP. Furthermore, DP9 is no longer relevant as this relates
solely to orbital rocket launch and is therefore Not Applicable (NA).

Safety The safety of all airspace users is the paramount factor in
the airspace design
Safety The airspace design will be of the smallest volume to safely

segregate Spaceport rocket launches from other airspace
users thereby minimising the impact on other airspace
users

Operational Minimise the impact (on other aviation stakeholders) of
activating specific EG D701 Danger Areas in support of
SP-1 operations

Operational Use Flexible Use of Airspace (FUA) principles by
integrating the airspace design into the extant Airspace
Management (ASM) procedures operated within the EG
D701 complex

Operational Integrating/deconflicting SP-1 activity safely with MOD
activity in EG D701 is a vital element of the operational use
of the airspace design

Operational The airspace design shall take into account Free Route
Airspace (FRA) and Flight Planning Buffer Zones (FBZs)
remaining cognisant of CAA Buffer Policy

5 Although the requirement for orbital ‘launch to the North’ has been removed, there remains a
requirement to be able to conduct certain sub-orbital launches to the North where they can be wholly
contained within D701.

QINETIQ/23/00010
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Environmental The airspace design and associated activation of EG D701
need to consider the environmental impact of aircraft being
re-routed around the airspace in addition to considering the
noise, emissions and light pollution in the local area

Regulatory The airspace design will need to consider any emerging
regulations pertaining to spaceports and Ranges under the
Space Industry Act 2018

Operational Rocket stage drop zones may be required outside the EG
D701 Areas and will need to be considered

2.3 Design Options Summary

The Sponsor prepared a number of airspace design options upon which it invited feedback and
comment from a range of stakeholders; this feedback incorporated a request to consider how each
option was aligned to the DPs.

Six airspace options were presented including the baseline ‘Do-Nothing’ Option 0; this option was not
considered viable for rocket launch as it does not provide any segregation — a critical element of the
DPs and SoN. It is strongly argued that segregation of rocket launch is categorically essential in
ensuring safety as rockets are unable to comply with the Rules of The Air (RoTA), thereby increasing
the risk of mid-air collision and, following catastrophic failure or flight termination, create a debris hazard
to other aircraft.

Option 1 required temporary airspace being designed for each launch necessitating a unique bespoke
airspace design driven by the individual rocket safety assessment and safety trace analysis. Although
this option utilised a smaller volume of airspace than the other options, it would require individual
NOTAM and associated Aeronautical Information Publication (AIP) Supplement (SUPP) information to
be created and published for each launch to enable segregation. Such one-off NOTAMs would not be
fully integrated into the UK Airspace Management Cell (AMC) or EUROCONTROL Network Manager
(ENM) ASM systems that enable the harmonised and dynamic planning of the ATM network.
Furthermore, temporary airspace is not featured on navigation charts or in Air Traffic Control (ATC)
and MOD Hebrides Range surveillance systems. Temporary airspace reservations have to be drawn
using dynamic mapping tools — a lengthy process that induces a higher probability of plotting error.
This option was therefore discounted as it failed to meet several of the DPs based on these issues.

Option 2, (using D701 but with a bespoke temporary airspace design around the launch site), was
similarly discounted on the same grounds based on the fact a temporary airspace solution around the
launch site would be needed for each launch and, unlike Option 1, the volume of airspace utilised was
no less than the other options presented.

The three remaining options (Options 3, 4 & 5) were taken forward to the Options Appraisal.

QINETIQ/23/00010
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2.3.1 Design Options — Stakeholder Feedback

Despite sharing the design options with a wide number of stakeholders (88 in total), only nine
responses were received and, from these nine, just three provided feedback, two requested unrelated®
information and the remainder had no comment. The feedback was limited to the main stakeholders
namely, MOD, NATS and HIAL. The feedback included their view on whether the design option met
the DPs; this information was used to help inform the DP evaluation and decision to consider three
options in Step 2B. Two of the respondents, HIAL and MOD suggested Option 3 as their preferred
option based on the fact this option largely uses an existing segregated airspace structure with well-
established ASM processes and procedures. MOD proffered that they would support Option 5
(modification of the D701 areas) providing it was cost neutral to them and the benefits of such changes
could be shown to be cost effective when all aspects were considered. Both options (3 and 5) require
a new fillet’ of segregated airspace to connect the launch site to the existing D701 and D704 Danger
Areas (see Figure 2). NATS suggested Option 4 as the preferred option and challenged the fact
several of the DPs made reference to the use of D701. The Sponsor acknowledged this observation
and agreed that, by removing the reference to D701, at least three of the DPs would enable Option 4
to meet the DP requirements. Option 4 is therefore considered along with the other two options. All
options require a small additional circular area of segregated airspace in the immediate vicinity of the
launch pad in order to protect SP-1 personnel (while engaged in certain pre-launch activities), from the
noise/distraction caused by low flying aircraft (see Figure 3). This additional small area also provides
protection from Radio Frequency (RF) emissions from low flying aircraft should the rocket systems
prove susceptible.

Aok

/G E

Figure 2: Airspace fillet’ connecting airspace around launch site with D701 & D704

6 Unrelated to the airspace design options or DPs. One respondent requested more information on the
ACP process and the other wanted to better understand the relationship between the airspace safety
volume and ground safety footprint. Details are captured in the Step 2A report at Reference [B].
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Figure 3: Small circular area of segregated airspace within fillet’ to protect SP-1 ground personnel

2.3.2 Option 3 — New Fillet of Segregated Airspace around Launch Site and Utilise D701

This option includes the use of a new fillet of airspace around the launch site between D701 and D704
that could be activated by NOTAM in the same manner as the D701 areas. This would provide a
permanent airspace solution over the launch site and connectivity to the D701 Danger Areas. The
D701 areas could be activated in the normal manner using only those areas necessary to contain the
safety trace of the rocket being launched. Both the fillet of airspace and D701 would be fully integrated
into the systems and processes employed by the UK AMC and the ENM, enabling the harmonised and
dynamic planning of the ATM network. Furthermore, this option provides the most straightforward
operation for MOD Hebrides Range staff as each different sounding rocket launch would be treated in
exactly the same manner as any MOD weapon firing or test and evaluation event. The new fillet of
airspace would be treated as an extension of D701 for ASM purposes and the associated D701 areas
would be activated accordingly to meet the safety trace requirements of the rocket being launched.

QINETIQ/23/00010
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Notification, activation and deactivation would follow existing procedures and Letters of Agreement
(LoAs).

ABESGA  NALAN PEMOS

LUSEN QO
A ELKOG A MODGO
ATSIX A DOSUN A
‘/%KIVO A BILLY A KESEG
A BAMRA
A INNUF A ADASI
SOXONA o
.'}/
2 / QAWK
o l//' / { \
) PIPEM
~ ’.“\ /-‘ \ A
&N \ FORTY
. 3 \ \\ \'\ ’ e _,_/\
' AN \~ “*( | >
P 1 | AVADNO | >
RUGID A [ ),
a /
AORSUM/ |
» " "’
< : ’ |
) \\} NEVISAf -
RGN L]
NP A\NEXUS

PEVAN A Atuxos ¥ L/pE

A DONIB

Figure 4: Option 3 — New fillet of segregated airspace around launch site and utilisation of D701 —
Diagram depicts D701 areas activated for a long range sounding rocket

2.3.3 Option 4 — Construct New Bespoke Segregated Airspace Blocks from Launch Site

As many of the modern sounding rockets have very limited pedigree, endeavouring to accurately
predict the launch profiles, and critically the safety traces, is not feasible at this stage (so far in advance
of the launch). Therefore, any attempt to design new airspace blocks introduces risk unless a large
bespoke modular design is used. Any such large bespoke modular design for sounding rockets would
have to extend in excess of 250km west north-west from the launch site and be constructed of several
different airspace blocks to enable a process of tailored activation (similar to that currently used for
D701) to be adopted. With experience gained from the ACP pertaining to the redesign of the D701
areas in 2014, it is expected any such modular design would have to be largely aligned to the existing
boundaries of D701 to enable minimum disruption to traffic routing to/from the Oceanic Entry Points
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(OEPs) at 10° west. The modular design and alignment of the D701 Danger Areas may hot always
occupy the absolute minimum volume of airspace (with more airspace sometimes being activated than
is absolutely necessary) however this alignment enables CAT to fly the shortest routes to/from the
OEPs. Therefore, any additional unused airspace becomes largely irrelevant especially as this
airspace is rarely used by anything other than CAT. For this reason, it was considered that any modular
bespoke design would have to follow similar alignments to that of D701 as depicted in Figure 5.
However, NATS in their feedback suggested a more symmetrical design as shown in Figure 6. Either
airspace design would be fully integrated into the systems and processes employed by the UK AMC
and the ENM, enabling the harmonised and dynamic planning of the ATM network. Despite the
bespoke design, the airspace around the launch site would still need to be the same shape as the
airspace fillet' required for Option 3 & 5 based on the safety analysis conducted for the TDA, ACP-

2021-37 [C].
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Figure 5: Option 4 — Bespoke airspace design originating from the SP-1 site with similar alignment to
the existing D701 areas.

The new airspace blocks would overlay a significant part of the existing D701 areas (see Figure 6 )
and would require careful delineation to prevent confusion; this would be particularly important when
simultaneous activities were occurring (MOD use of D701 and SP-1 use of new areas). New and
separate (from D701) ASM process and procedures would be required for this option.
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Figure 6: Option 4 — An alternative bespoke modular airspace design originating from SP-1 site with
D701 overlay

2.3.4 Option 5 — Use in Conjunction with Option 3 Adding Sub-division of D701C, E, & F
or reconfiguration of D701

This option introduces a series of sub-divisions of the existing D701 areas or reconfiguration of the
existing layout in order to reduce the overall volume of airspace unavailable to other airspace users.
The exact positions of these sub-divisions would require further work to conclude the optimum location;
examples of what this might look like are depicted at Figure 7.
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Whether the additional airspace made available by this option would be of benefit to other airspace
users will form part of the analysis in this document. MOD suggested they would support this option if
it was cost neutral to them however, they strongly suggested the cost benefits of this option should be
carefully examined especially when balanced against the limited use (of 10 launches per year).
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Figure 7: Option 5 — Sub-divisions of D701 or reconfiguration of existing areas

3. Initial Impact Appraisal of Design Options

3.1 Stage 2B - Methodology

Stage 2B requires an initial appraisal of the impacts of the design options presented in Section 2
against a “do nothing” option. The chosen methodology is to conduct a simple qualitative assessment
of the different options, both positive and negative, against the headings identified in CAP1616,
Appendix E, Table E2: “Guide to expected approach to key analysis for a typical airspace change”.
This approach has been applied previously in other Airspace Change Proposals of similar
scale/proportionality that have successfully passed the Stage 2 Gateway and it has been deemed
compliant both with the spirit of CAP1616 and the Government Green Book.

3.2 The Do-Nothing Option

This option leaves the airspace as it currently exists (depicted in Figure 8 and Figure 10 below) with
the SP-1 launch site sitting within Class G airspace. Although utilisation of D701 Danger Area could
provide segregation for a portion of the rocket trajectory (where this is permitted), the area around the
launch site would remain unsegregated. Without segregation, it is considered that rocket launch could
not occur due to the risk to other airspace users as rockets will have no means of complying with the
ROTA, thereby increasing the risk of mid-air collision and, following catastrophic failure or flight
termination, create a debris hazard to other aircraft. CAP1616 requires that the Change Sponsor
assess each option against a baseline; the ‘Do-Nothing’ option provides that baseline, describing the
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existing situation against which to assess the effect of implementing each of the proposed design
options.

3.2.1 Local Airspace

The SP-1 launch site at Scolpaig, North Uist has Benbecula Airport approximately 10 Nautical Miles
(NM) to the south, Barra beach landing strip 38NM south, the small beach landing strip at Sollas
approximately 5.5NM to the east and Stornoway Airport approximately 58NM to the north east. The
launch site is located between the MoD Hebrides Range Danger Areas D701 and D704 (see Figure
8). There is limited General Aviation (GA) activity in the local area with this mainly concentrated during
the Sollas annual fly-in event during the summer. Other aviation activity is minimal, comprising
prominently of scheduled flights to/from Benbecula (circa 67 flights per day during the busier summer
months), occasional helicopter activity supporting local hotels and fish farms and coastguard, plus
medical and lighthouse support aircraft. Military aviation activity in the local area is primarily focused
on trials and testing of systems on the MOD Hebrides Range D701 and training flights. The latter

7 Details obtained from the single commercial carrier Logan Air during the ACP TDA engagement 3 Feb
22 [C]
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increase significantly twice a year for two weeks during the Joint Warrior Exercises and again for the
biennial ASD/FS and Atlantic Thunder (AT) Exercises (that each occur alternate years). This increase
in military activity also escalates the use of Benbecula airport with military support aircraft, although
these flights predominantly occur several weeks before and after the main exercise periods.

Benbecula airport operates instrument approaches to two main runways namely 06 and 24; an extract
of the approach charts contained within the AIP is shown at Figure 9.
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Figure 9: AIP extract depicting main instrument approach charts to Runway 06 and Runway 24 at
Benbecula

Information gained during the TDA (ACP-2021-37) engagement process has indicated that rocket
launch from the SP-1 site at Scolpaig should not impact on flights operating to/from, Barra or Stornoway
Airports and with potentially only one approach to Benbecula affected; namely visual approach to
Runway 06.

The airspace to be utilised under this ACP is largely over the ocean and includes very few land areas
other than in the immediate vicinity of the launch site and a number of small generally uninhabited
islands. Several of these islands have lighthouses that are serviced by helicopters operating on behalf
of the Northern Lighthouse Board (NLB).
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Figure 10: Adjacent airspace in relation to SP-1 launch site including other planned vertical launch
spaceports
3.2.2 Wider Affected Area

Considering the airspace further afield, it can be seen that SP-1 activity will mostly affect CAT routing
on the North Atlantic (NAT) oceanic tracks through the OEPs at 10° west and, potentially?, MOD activity.
There are also a number of other military sponsored Danger Areas over the North of Scotland that if
active at the same time as SP-1 could have a blocking effect on CAT over Scotland. This is potentially
further exacerbated by the development of other vertical launch Spaceport sites at Sutherland and
Shetland (see Figure 10).

8 SP-1 activity and use of D701 or airspace contained therein, will normally be deconflicted from MOD
activity where possible — details will be contained in the relevant LoA between SP-1, QinetiQ and MOD.
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The impact of activating D701 has on CAT and the ATM network is well documented and the methods
used to minimise the impact are contained in the appropriate LoAs and Standard Operating Procedures
(SOPs) for the MOD Hebrides Range.

The original design of the D701 Danger Area complex was driven by the need to have a flexible modular
airspace structure extending outwards from the MOD Hebrides Range facility (target and ordinance
launch pads) that could be activated area by area to accommodate the vast array of different systems
being tested and trialled on the MOD Hebrides Range. This design further evolved to replicate the
main upper air, Air Traffic Service (ATS) routes from the UK and Ireland, where these joined the OEPs
at 10° west. This alignment of the area boundaries to the ATS routes accounts for the unusual shape
of several of the D701 areas. This alignment enables the most efficient use of the airspace by
minimising the number of routes and OEPs that would be unavailable when specific D701 areas are
activated. This does have the consequential impact of occasionally having greater volumes of airspace
segregated than is necessary to contain the safety traces of the systems being operated. It was
considered the benefits of the alignment far outweighed the loss of usable airspace.

Since the D701 areas were re-designed (2014), the ATS routes have been discontinued and the upper
airspace is now FRA. Although this means the criticality of having the boundaries of D701 aligned to
air routes has been removed, the need to minimise impact on the OEPs remains. In essence, FRA still
requires aircraft to route through the OEPs for their oceanic track and as such the routes flown under
FRA are similar to the old ATS routes. It is understood that at some stage in the future, FRA will be
introduced to the NAT thereby removing the need for OEPs.

The existing D701 Areas lie within Shanwick Oceanic Area and the Northern Oceanic Transit Area
(NOTA). Here the Air Navigation Service Providers (ANSPs), NATS and Irish Aviation Authority (IAA),
apply flight planning separation criteria to the boundary of the respective D701 Areas when active. The
separation criteria applied east of 10° west is the standard 5NM radar separation criteria but once west
of 10" west, NATS apply non-radar procedural separation of 30NM or 60NM for aircraft that cannot
comply with the NAT Minimum Navigation Performance Specification (MNPS). The IAA apply standard
radar separation criteria for the NOTA. It is expected that the procedural separation criteria will be
reduced at some stage in the future with the advent of Automatic Dependant Surveillance—Broadcast
(ADS-B) capability in the NAT. This is ongoing work within the International Civil Aviation Organisation
(ICAO) working groups.

As the D701 Areas are fully integrated into the ASM systems® used by the UK AMC and ENM, they
can be activated at relatively short notice with the airspace restrictions being automatically applied
along with the necessary FBZs that are required for FRA. These can be activated for a number of
scenarios dependent upon which D701 areas are activated. This means the available OEPs are known
for any number of D701 activated areas and any restrictions such as FBZs are quickly applied or,
conversely removed when the areas are deactivated. This enables the harmonised and dynamic
planning of the ATM network in line with the FUA principles.

® The UK AMC, NATS and MOD Hebrides Range use the EUROCONTROL preferred system called
‘Local and sub-regional airspace management support system’ (LARA) as an airspace management tool.
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3.3 Options Appraisal

Table 1, Table 2 and Table 3 detail the appraisal of, respectively, Options 3, 4 & 5 and the ‘Do-Nothing’ baseline option against the high-level
objectives and assessment criteria laid out in CAP1616, Appendix E, and Table E2. Over and above the requirement in CAP1616 Appendix E,
Table E2, an additional row has been added to the table outlining initial safety considerations in brief. The list is not exhaustive and will be
expanded as required as the options appraisal is matured.

Table 1: Summary of options appraisal for Option 3

Group Impact Option 3 - New Fillet of Segregated Airspace around Launch Site Do-Nothing
and Utilise D701
Communities Noise impact It is recognised that the nature of sounding rocket launch will create noise at Rocket launch not viable so
on health and | the time of launch albeit for only a short period of 1-2 minutes. However, there | there would be no associated
quality of life are only a small number of dwellings in the immediate vicinity of the launch site | increase in noise.

so the number of individuals affected will be low. Furthermore, the launch site
is restricted to 10 launches per year so it is considered that the noise impact will
be low. Details of noise profiling can be found in the EIA that has been
produced as a requirement of the planning process for the SP-1 launch site.

An extract from the EIA concerning noise modelling can be found at the
Appendix to this document.

The location of the airspace around the launch site should not cause any
deviation of the scheduled flights operating to Benbecula or divert any GA or
helicopter traffic in the local area such that there should not be any noticeable
difference in local flying activity that would induce noise in areas not normally
affected by aircraft noise.

Communities Air Quality With no expected impact on GA or CAT aircraft operating below 7000ft in the Rocket launch not viable so
local area, the air quality associated with this activity will remain unchanged. there would be no associated
impact on air quality.

Itis anticipated that the air quality in the immediate vicinity of the launch site
may be affected for a short period (a few seconds) during the actual launch but
this should quickly disperse and, given the prevailing wind is from the south-
west, be experienced largely over the sea.
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Table 1: Summary of options appraisal for Option 3

Group Impact Option 3 - New Fillet of Segregated Airspace around Launch Site
and Utilise D701

Do-Nothing

It is not anticipated that the air quality for communities would be affected by any
re-routing of CAT in the upper air caused by activation of D701 or the fillet of
airspace around the launch site.

Wider society Greenhouse The nature of sounding rockets, engine design and fuel used will result in

gas emissions | greenhouse gas emissions, which will vary between different rocket types and
so is difficult to quantify at this stage. It is thought that the impact should be
fairly negligible given the number launches will average at less than one per
month.

Of probably more significance is the greenhouse gas impact caused by CAT
having to fly extended track miles to route around the active elements of D701,
although this only becomes significant for the longer range sounding rockets
where a large number of D701 areas are used. It is anticipated that several of
the sounding rockets will remain within the ‘inner’ D701 areas — areas that do
not noticeably impact CAT.

Rocket launch not viable so
there would be no increase in
greenhouse gas from any new
activity. Furthermore, there
would be no increase in
greenhouse gas from existing
aviation, since civil and military
pilots would carry on as they
do now so there would be no
associated impact on
greenhouse gas effect.

Wider society Capacity / Where a large number of D701 areas are active this could potentially induce a
resilience capacity issue on the NAT track structure where other adjacent airspace
reservations are also active. This can be alleviated by using the same extant
airspace protocols and ASM procedures in place for D701, for SP-1 operations.
This would mean certain adjacent Danger Areas not being active at the same
time as D701. Moreover, by adhering to the limitations posed on the time of
day when specific D701 areas are activated, the impact on the ATM network is
further reduced.

There would be no change
from present day.
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Table 1: Summary of options appraisal for Option 3

Group Impact Option 3 - New Fillet of Segregated Airspace around Launch Site Do-Nothing
and Utilise D701
General Aviation | Access There may be a very small impact on GA when the airspace around the launch | There would be no change

site is activated, especially on non-radio fitted aircraft. It is anticipated that
access for radio fitted aircraft will be possible during periods where the airspace
is activated but launches are delayed or awaiting full range clearance. As is
current practice for the D701 areas, MOD Hebrides Range staff are able to
permit aircraft to enter active Danger Areas when considered safe to do so.

Given the extremely light levels of GA activity and the infrequent use of the
segregated airspace around the launch site, any impact on GA is considered

from present day.

negligible.

General Aviation | Economic Not Applicable Not Applicable
/ commercial impact from
airlines increased

effective

capacity
General Aviation | Fuel burn Activation of the fillet of airspace around the launch site is unlikely to invoke any | Rocket launch would not be
/ commercial increase in fuel burn for either GA or CAT; however, activation of D701 can viable therefore there would
airlines lead to increase in fuel burn for CAT where they are forced to fly additional be no additional use of D701

track miles around active Danger Areas. This increase in fuel burn can be
calculated more easily for known combinations of D701 than for a new airspace
structure such as Option 4.

Extant ASM processes and procedures detailed in current LoAs associated with
the MOD Hebrides Range, are an important facet in reducing the impact D701
has on CAT and their subsequent additional fuel burn. In particular, the
limitations posed on the time of day when certain D701 areas are activated is
crucial in reducing the impact on the ATM network. Utilising these same
procedures and LoAs for rocket launch and use of D701 as proposed under this
option, means that ‘best practice’ is being followed and consequential impact
on CAT is minimised.

so no change to current
impact activation of D701 has
on CAT and fuel burn.
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Table 1: Summary of options appraisal for Option 3

Group Impact Option 3 - New Fillet of Segregated Airspace around Launch Site Do-Nothing
and Utilise D701
Commercial Training costs | Not Applicable Not Applicable
airlines
Commercial Other costs Not Applicable Not Applicable
airlines
Airport /ANSP Infrastructure Not Applicable Not Applicable
costs
Airport /ANSP Operational The operational cost should be minimal other than the cost of capturing the No change to current ways of
costs small fillet of airspace around the launch site into the ATC training system and working.
any additional training associated with the minor amendments to extant LoAs
and SOPs. By using D701 in its current form, the costs to ANSPs remains at
the lowest possible as ASM processes and procedures remain largely
unchanged.
A similar argument applies for Benbecula airport where utilisation of existing
LoAs, modified to include SP-1 and the fillet of airspace around the launch site,
reduces the cost especially when compared to the creation of a new bespoke
set of Danger Areas or, to a lesser degree, modification of the existing D701
areas.
Airport /ANSP Deployment The deployment cost should be minimal other than the cost of introducing the No change to current ways of
costs small fillet of airspace around the launch site into the ATC and ASM systems working.

and applying a new FBZs where appropriate. Other costs would include making
minor amendments to extant LoAs and SOPs and minor amendments to
aeronautical charts including two new Aeronautical Data Quality (ADQ) points
to be validated for the airspace fillet.

Using D701 in its current form means the costs to ANSPs remains at the lowest
possible as there would be no requirement to:
e Introduce new additional reporting points.
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Table 1: Summary of options appraisal for Option 3

Group Impact Option 3 - New Fillet of Segregated Airspace around Launch Site Do-Nothing
and Utilise D701
e Make large changes to ATC and MOD Hebrides Range systems
mapping.
e Introduce wholly new LoAs, ASM processes or procedures (and
associated training costs).

A similar argument applies for Benbecula airport where utilisation of existing
LoAs, modified to include SP-1 and the fillet of airspace around the launch site,
reduces the cost especially when compared to the creation of a new bespoke
set of Danger Areas or, to a lesser degree, modification of the existing D701

areas.
Safety Pilots may be unaware of the activation of the fillet of airspace around the It would be unsafe to conduct
Considerations launch site and inadvertently infringe the airspace — in particular non-radio fitted | rocket launch so there would
(not exhaustive aircraft operating to beach landing sites. be no additional safety
list) considerations.
Table 1: Summary of options appraisal for Option 3
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Table 2: Summary of options appraisal for Option 4

Group

Impact

Option 4 - Construct New Bespoke Segregated Airspace Blocks
from Launch Site

Do-Nothing

Communities

Noise impact
on health and
quality of life

It is recognised that the nature of sounding rocket launch will create noise at
the time of launch albeit for only a short period of 1-2 minutes. However, there
are only a small number of dwellings in the immediate vicinity of the launch site
so the number of individuals affected will be low. Furthermore, the launch site
is restricted to 10 launches per year so it is considered that the noise impact will
be low. Details of noise profiling can be found in the EIA that has been
produced as a requirement of the planning process for the SP-1 launch site.

An extract from the EIA concerning noise modelling can be found at the
Appendix to this document.

The location of the airspace around the launch site should not cause any
deviation of the scheduled flights operating to Benbecula or divert any GA or
helicopter traffic in the local area such that there should not be any noticeable
difference in local flying activity that would induce noise in areas not normally
affected by aircraft noise.

Rocket launch not viable so
there would be no associated
increase in noise.

Communities

Air Quality

With no expected impact on GA or CAT aircraft operating below 7000ft in the
local area, the air quality associated with this activity will remain unchanged.

It is anticipated that the air quality in the immediate vicinity of the launch site
may be affected for a short period (a few seconds) during the actual launch but
this should quickly disperse and, given the prevailing wind is from the south-
west, be experienced largely over the sea.

It is not anticipated that the air quality for communities would be affected by any
re-routing of CAT in the upper air caused by activation of any new bespoke
airspace design including the fillet of airspace around the launch site.

Rocket launch not viable so
there would be no associated
impact on air quality.

Wider society

Greenhouse
gas emissions

The nature of sounding rockets, engine design and fuel used will result in
greenhouse gas emissions, which will vary between different rocket types and
so is difficult to quantify at this stage. It is thought that the impact should be
fairly negligible given the number launches will average at less than one per
month.

Rocket launch not viable so
there would be no increase in
greenhouse gas from any new
activity. Furthermore, there
would be no increase in
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Table 2: Summary of options appraisal for Option 4

Group Impact Option 4 - Construct New Bespoke Segregated Airspace Blocks
from Launch Site

Do-Nothing

Of probably more significance is the greenhouse gas impact caused by CAT
having to fly extended track miles to route around the active elements of the
new bespoke airspace structure although this only becomes significant for the
longer range sounding rockets where a large number of bespoke areas are
used. The new bespoke areas should be designed such that for the shorter
range sounding rockets the subsequent areas activated over the sea have
minimal impact on CAT.

greenhouse gas from existing
aviation, since civil and military
pilots would carry on as they
do now so there would be no
associated impact on
greenhouse gas effect.

Wider society Capacity / Where a large number of areas in both domestic and oceanic airspace are
resilience active this could potentially induce a capacity issue on the NAT track structure
where other adjacent airspace reservations are also active. New bespoke
airspace protocols would have to be agreed to minimise any such impact on
capacity.

There would be no change
from present day.

General Aviation | Access There may be a very small impact on GA when the airspace around the launch
site is activated, especially on non-radio fitted aircraft. It is anticipated that
access for radio fitted aircraft will be possible during periods where the airspace
is activated but launches are delayed or awaiting full range clearance. Itis
anticipated that MOD Hebrides Range staff should be able to permit aircraft to
enter active Danger Areas when considered safe to do so.

Given the extremely light levels of GA activity and the infrequent use of the
segregated airspace around the launch site; any impact on GA is therefore
considered negligible.

There would be no change
from present day.

General Aviation | Economic Not Applicable Not Applicable
/ commercial impact from
airlines increased

effective

capacity
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Table 2: Summary of options appraisal for Option 4

Group Impact Option 4 - Construct New Bespoke Segregated Airspace Blocks Do-Nothing
from Launch Site
General Aviation | Fuel burn Activation of the fillet of airspace around the launch site is unlikely to invoke any | Rocket launch would not be
/ commercial increase in fuel burn for either GA or CAT; however, activation of large volumes | viable therefore there would
airlines of airspace to the west of the Outer Hebrides can lead to increase in fuel burn be no additional use of D701
for CAT where they are forced to fly additional track miles around active Danger | so no change to current
Areas. This increase in fuel burn is unknown for any new bespoke modular impact activation of D701 has
airspace design and several different scenarios would need to be modelled to on CAT and fuel burn.
understand the full impact.
New ASM processes and procedures detailed in LoAs associated with the new
airspace would have to be developed with a view on minimising the impact on
the ATM network, and consequent increasing in fuel burn) while balancing
against the operational requirements of the Spaceport.
Commercial Training costs | It is understood that airlines already have a training requirement (and NAT training costs already
airlines associated cost) to fly in the NAT oceanic regions. It is not known if a new exist, these would remain
bespoke set of Danger Areas were created, whether this training would be unchanged.
impacted such that there is additional cost to the airlines.
Commercial Other costs Not Applicable Not Applicable
airlines
Airport /ANSP Infrastructure Not Applicable Not Applicable
costs
Airport /ANSP Operational Operational costs will increase when associated with ongoing training and No change to current ways of
costs currency that will become more complex through the introduction of two similar | working.

airspace structures in the same volume of airspace but managed in a different
manner using separate ASM process and SOPs for each.

A similar argument applies for Benbecula airport where ongoing training and
currency is more complex thereby costs increase.
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Table 2: Summary of options appraisal for Option 4

to be developed, negotiated and implemented for the new airspace along with
associated LoAs and SOPs. Furthermore, all ATC, ASM and MOD Hebrides
Range systems would need significant updates to reflect the new airspace
structure that would have to be made clearly distinguishable from the existing
D701 areas. The following additional costs would also be applicable:

e The requirement for 5 Letter Name Codes (5LNCs) being reserved
with International Codes And Route Designators (ICARD) (new
reporting points) that allows circumnavigation of the new airspace
areas when activated.

e Creating new FBZs for a number of different combinations of areas
activated.

e Validating all reference points in the new structure to ensure ADQ
standards are met.

e Special instructions and associated training costs for ANSP and MOD
Hebrides Range staff

e Integration of new areas into LARA and automated flight planning
systems.

e Major update to aeronautical and maritime charts.

HIAL (operating Benbecula) would also see an increase in deployment costs
compared to Options 3 and 5 through the development of new LoAs and SOPs
pertaining solely to SP-1 and activation of the new bespoke areas — new
agreements regarding access to the areas would need to be established for
CAT and Cat A flights.

Group Impact Option 4 - Construct New Bespoke Segregated Airspace Blocks Do-Nothing
from Launch Site
Airport /ANSP Deployment The deployment costs for this option would be the most significant of the three No change to current ways of
costs airspace options presented. New ASM processes and procedures would have | working.
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Table 2: Summary of options appraisal for Option 4

Group Impact Option 4 - Construct New Bespoke Segregated Airspace Blocks Do-Nothing

from Launch Site
Safety Pilots may be unaware of the activation of the fillet of airspace around the It would be unsafe to conduct
Considerations launch site and inadvertently infringe the airspace — in particular non-radio fitted | rocket launch so there would
(not exhaustive aircraft operating to beach landing sites. be no additional safety
list) considerations.

The new areas could be confused with D701 leading to errors in the flight
planning management processes or confusion by pilots.

MOD Hebrides Range and ATC staff become confused with operating different
but similar areas under different but similar ASM arrangements and LoAs.

Airspace charts become cluttered and are difficult to read with two sets of
different Danger Areas overlaid.

Simultaneous activation of both the bespoke SP-1 areas and D701 causes
confusion to MOD Hebrides Range, ATC and aircrew leading to errors that
could have safety impact.

Table 2: Summary of options appraisal for Option 4
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Table 3: Summary of options appraisal for Option 5

Group

Impact

Option 5 - Use in Conjunction with Option 3 Adding Sub-division of
D701C, E, & F or reconfiguration of D701

Do-Nothing

Communities

Noise impact
on health and
quality of life

It is recognised that the nature of sounding rocket launch will create noise at
the time of launch albeit for only a short period of 1-2 minutes. However, there
are only a small number of dwellings in the immediate vicinity of the launch site
so the number of individuals affected will be low. Furthermore, the launch site
is restricted to 10 launches per year so it is considered that the noise impact will
be low. Details of noise profiling can be found in the EIA that has been
produced as a requirement of the planning process for the SP-1 launch site.

An extract from the EIA concerning noise modelling can be found at the
Appendix to this document.

The location of the airspace around the launch site should not cause any
deviation of the scheduled flights operating to Benbecula or divert any GA or
helicopter traffic in the local area such that there should not be any noticeable
difference in local flying activity that would induce noise in areas not normally
affected by aircraft noise.

Rocket launch not viable so
there would be no associated
increase in noise.

Communities

Air Quality

With no expected impact on GA or CAT aircraft operating below 7000ft in the
local area, the air quality associated with this activity will remain unchanged.

It is anticipated that the air quality in the immediate vicinity of the launch site
may be affected for a short period (a few seconds) during the actual launch but
this should quickly disperse and, given the prevailing wind is from the south-
west, be experienced largely over the sea.

It is not anticipated that the air quality for communities would be affected by any
re-routing of CAT in the upper air caused by activation of D701 or the fillet of
airspace around the launch site.

Rocket launch not viable so
there would be no associated
impact on air quality.

Wider society

Greenhouse
gas emissions

The nature of sounding rockets, engine design and fuel used will result in
greenhouse gas emissions, which will vary between different rocket types and
so is difficult to quantify at this stage. It is thought that the impact should be
fairly negligible given the number launches will average at less than one per
month.

Rocket launch not viable so
there would be no increase in
greenhouse gas from any new
activity. Furthermore, there
would be no increase in
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Table 3: Summary of options appraisal for Option 5

Group Impact Option 5 - Use in Conjunction with Option 3 Adding Sub-division of
D701C, E, & F or reconfiguration of D701

Do-Nothing

Of probably more significance is the greenhouse gas impact caused by CAT
having to fly extended track miles to route around the active elements of D701
although this only becomes significant for the longer range sounding rockets
where a large number of D701 areas are used. It is anticipated that several of
the sounding rockets will remain within the ‘inner D701 areas — areas that do
not noticeably impact CAT.

greenhouse gas from existing
aviation, since civil and military
pilots would carry on as they
do now so there would be no
associated impact on
greenhouse gas effect.

Wider society Capacity / Where a large number of D701 areas are active this could potentially induce a
resilience capacity issue on the NAT track structure where other adjacent airspace
reservations are also active. This can be alleviated by using the same extant
airspace protocols and ASM procedures in place for D701, for SP-1 operations.
This would mean certain adjacent Danger Areas not being active at the same
time as D701. Moreover, by adhering to the limitations posed on the time of
day when specific D701 areas are activated, the impact on the ATM network is
further reduced. Furthermore, by adding sub-divisions in D701 may cause less
deviations for CAT and thus reduce the impact this has on capacity when
compared to Option 3.

There would be no change
from present day.

General Aviation | Access There may be a very small impact on GA when the airspace around the launch
site is activated, especially on non-radio fitted aircraft. It is anticipated that
access for radio fitted aircraft will be possible during periods where the airspace
is activated but launches are delayed or awaiting full range clearance. As is
current practice for the D701 areas, MOD Hebrides Range staff are able to
permit aircraft to enter active Danger Areas when considered safe to do so.

Given the extremely light levels of GA activity and the infrequent use of the
segregated airspace around the launch site, any impact on GA is considered

There would be no change
from present day.

negligible.
General Aviation | Economic Not Applicable Not Applicable
/ commercial impact from
airlines increased
effective
capacity
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Table 3: Summary of options appraisal for Option 5

Group Impact Option 5 - Use in Conjunction with Option 3 Adding Sub-division of | Do-Nothing

D701C, E, & F or reconfiguration of D701
General Aviation | Fuel burn Activation of the fillet of airspace around the launch site is unlikely to invoke any | Rocket launch would not be
/ commercial increase in fuel burn for either GA or CAT; however, activation of D701 can viable therefore there would
airlines lead to increase in fuel burn for CAT where they are forced to fly additional be no additional use of D701

track miles around active Danger Areas. This increase in fuel burn can be
calculated more easily for known combinations of D701 than for a new airspace
structure such as Option 4.

Extant ASM processes and procedures detailed in current LoAs associated with
the MOD Hebrides Range, are an important facet in reducing the impact D701
has on CAT and their subsequent additional fuel burn. In particular the
limitations posed on the time of day when certain D701 areas are activated is
crucial in reduce the impact on the ATM network. By utilising these same
procedures and LoAs for rocket launch and use of D701 as proposed under this
option, means ‘best practice’ is being followed and consequential impact on
CAT is minimised. Furthermore, by adding sub-divisions in D701 may cause
less deviations for CAT and thus reduce the impact this has on fuel burn when
compared to Option 3.

so no change to current
impact activation of D701 has
on CAT and fuel burn.

Commercial Training costs | Not Applicable Not Applicable
airlines
Commercial Other costs Not Applicable Not Applicable
airlines

Airport /ANSP Infrastructure Not Applicable
costs

Not Applicable
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Table 3: Summary of options appraisal for Option 5

Group Impact Option 5 - Use in Conjunction with Option 3 Adding Sub-division of | Do-Nothing
D701C, E, & F or reconfiguration of D701
Airport /ANSP Operational The operational cost should be less than for Option 4 but greater that for Option | No change to current ways of
costs 3. Costs will include training related to the new fillet of airspace and working.
reconfiguration of D701 areas, and associated amendments to extant LoAs and
SOPs.

Airport /ANSP Deployment The deployment cost should be less than for Option 4 but greater than for
costs Option 3. The new fillet of airspace and reconfiguration of D701 will need to be
integrated into the ATC, MOD Hebrides Range and ASM systems.

Depending upon what the final design for any reconfiguration of D701 looks like
there may be a requirement for the following:
¢ Validating all reference points in the new structure to ensure ADQ
standards are met.
e Special instructions and associated training costs for ANSP and MOD
Hebrides Range staff.
e Integration of new areas into LARA and automated flight planning
systems.
e Minor amendment to aeronautical and maritime charts.
e Amend current LoAs, ASM processes or procedures (with associated
training costs).

A similar argument applies for Benbecula airport where utilisation of existing
LoAs, modified to include SP-1 and the fillet of airspace around the launch site,
reduces the cost especially when compared to the creation of a new bespoke
set of Danger Areas

No change to current ways of
working.
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Table 3: Summary of options appraisal for Option 5

Group Impact Option 5 - Use in Conjunction with Option 3 Adding Sub-division of | Do-Nothing

D701C, E, & F or reconfiguration of D701
Safety Pilots may be unaware of the activation of the fillet of airspace around the It would be unsafe to conduct
Considerations launch site and inadvertently infringe the airspace — in particular non-radio fitted | rocket launch so there would
(not exhaustive aircraft operating to beach landing sites. be no additional safety
list) New nomenclature for reconfiguration/sub-divisions could cause confusion for considerations.

pilots, MOD Hebrides Range staff and ANSPs who are very familiar with

existing taxonomy.

Table 3 Summary of options appraisal for Option 5
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34 Conclusion of Options Appraisal Summary
34.1 Option 3 — The Preferred Option

Option 3 is considered the preferred option for the following reasons:

It meets the SoN;

It meets the majority of the DPs and those it doesn’t meet are partially met;
It is the least costly option;

It is the simplest to understand and implement; and,

It is considered the safest option.

It is recognised that this option will, on occasions, result in more airspace being used than is absolutely
necessary to contain the safety trace of the sounding rocket. However, this is not unusual when
testing/operating embryonic systems within a modular airspace structure. It is considered that the
benefits of utilising an existing airspace structure and associated operating procedures and processes,
far outweigh the reduction in overall airspace the other two options may make available. This is
particularly pertinent when considering the limited use of the airspace (10 launches per year that
probably equates to less than four airspace activations (accounting for contingency days) per month).
Through careful planning and adoption of best practice currently in operation at the MOD Hebrides
Range, the impact of these contingency days can be greatly reduced (as demonstrated in the ASD/FS
exercises). Furthermore, the current airspace structure is well known to MOD Hebrides Range and
ANSP staffs alike and is already fully integrated into the UK AMC and ENM ASM and flight planning
systems (including LARA) — these will only require minor modifications to include the fillet of airspace
around the launch site and rocket launch operations.

Option 3 is considered the least costly options due to the following:

e There is no requirement for 5LNCs being reserved with ICARD (new reporting points) to allow
circumnavigation the new airspace structure as these are already in place and feature in
existing flight planning system; so no updates®® required;

e FBZs are already in place other than for the small airspace fillet’;

e Only two reference points (associated with the fillet’) will need to be ADQ validated,;

e Special instructions and associated training costs for ANSP and MOD Hebrides Range staff
will be less than those for the other two options where significant airspace changes are made;

e Only the small fillet’ will require integrating into LARA as all other areas already exist;

e ATC and MOD Hebrides Range system mapping will only require minor modifications to
include the airspace fillet’;

e Only aeronautical charts will require a minor update (maritime charts will not require any
amendment); and,

e It should be possible to make minor amendments to current LoAs, ASM processes or
procedures rather than producing new standalone documents.

10 It is recognised that the new fillet’ of airspace will need to be included in an update to systems but the
change is very small in comparison with other options.
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This option is considered the safest based on the fact it induces the minimum of change and adds little
additional complexity to the existing airspace structure, unlike Option 4 and, to a lesser degree, Option
5.

3.4.2 Option 5— An Alternative to the Preferred Option

Option 5 retains the external boundaries of D701 thereby removing the requirement for new additional
reporting points and FBZs (other than around the airspace fillet). Furthermore, this option could use
extant ASM processes and procedures, LoAs and other orders/instructions with minor modifications.

The main benefit of this option would be to reduce the overall volume of airspace that would need to
be activated to contain the hazards associated with sub-orbital rocket launch; however, this reduction
in volume of airspace needs to be balanced against expected use of available airspace when
considering the number of launches each year and expected activation of airspace.

There will be a greater operational cost associated with this option compared to Option 3 although, this
cost should be lower than for Option 4. Cost will include:

¢ Additional FBZs around the new airspace fillet;

e Several new reference points that determine the origin of each new line drawn to subdivide or
reconfigure D701 will need to be ADQ validated;

e Special instructions and associated training costs for ANSP and MOD Hebrides Range staff
are increased slightly when compared with Option 3; however, these will be limited if extant
ASM processes and procedures are utilised and amended to include SP-1 activities;

¢ Minor changes to LARA;

¢ Minor changes and updates to ATC and MOD Hebrides Range systems mapping; and,

¢ Minor updates to aeronautical and maritime charts.

343 Option 4 — Least Preferred Option

Option 4 introduces an extremely complex airspace structure due to the presence of the existing D701
areas and there is concern the two could easily be confused as they are managed by the same
organisations (MOD Hebrides Range staff and ANSPs). This would be particularly pertinent where
new standalone ASM processes and procedures are developed and are operated in conjunction with
existing procedures. Furthermore, both aeronautical and maritime charts would become complex;
similarly the radar maps used by MOD Hebrides Range and ATC staff would be multifaceted.

This option is also considered the most costly due to the number and magnitude of the changes that
would have to be made:

e Requirement for 5LNCs being reserved with ICARD (new reporting points) to allow
circumnavigation of the new airspace structure;

e Introduction of a number FBZs around the new airspace structure depending upon which
elements are activated;
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¢ All new reference points for the origin of each line associated with this modular structure will
need to be ADQ validated;

e Special instructions and associated training costs for ANSP and MOD Hebrides Range staff

are increased significantly when compared against the other two options due to the size of the

airspace change and associated standalone new ASM processes and procedures;

Major update to LARA,;

Significant updates to ATC and MOD Hebrides Range systems mapping;

Significant updates to aeronautical and maritime charts; and,

Development and agreement of wholly new LoAs along with the development of SP-1 specific

ASM processes and procedures including orders/instructions to MOD Hebrides Range and

ATC staff.

344 Cost Benefit Analysis of Reduced Airspace Volume

While considering the benefits of reducing the overall volume of airspace used by either designing a
wholly new bespoke modular airspace structure (Option 4) or, modifying the existing D701 areas
(Option 5), the following factors should be taken into account:

e Usage of the airspace (how often will it be activated and for how long);

e Timings — what time of day the airspace is to be activated;

¢ What proportion of sounding rockets will be contained within the inner areas (as created by
sub-divisions in Option 5) and what proportion will be medium/long range;

o Assessment on the ‘usability’ of any extra airspace made available by sub-divisions or a
bespoke solution with regard to CAT routing through OEPSs; and,

¢ A rough order of magnitude of costs associated with significant updates to MOD Hebrides
Range and ATC radar mapping systems, aeronautical and navigation charts; the design of new
ASM procedures, LoAs; and associated training costs.

3.4.4.1 Discussion

At this stage of the ACP process a quantitative assessment is not considered proportional especially
as elements of the data are not yet known and it is acknowledged that further research is required to
ascertain potentially affected traffic flows on the NAT. It has been established that the maximum
number of launches is limited to 10 per year and it is recognised that there will be spare days. However,
it is unclear how many spare days will be needed or how the exact ASM procedures will operate. Itis
anticipated that a worst case scenario is where the airspace is activated for a period (in the region of
2-3 hours) and the launch does not occur. A spare day would be utilised and the airspace activated a
second time and possibly a third should the second launch not be successful. Given the resource
involved — availability of the MOD Hebrides Range (regardless of Option selected) — it is considered
highly unlikely there will be more than two spare days. This means in any year a worst case scenario
could mean 30 activations of the airspace, although this is highly improbable based on MOD Hebrides
Range experience of similar operations and it is probably more realistic to state the worst case scenario
is in the region of 20 airspace activations in a year.
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Considering 20 airspace activations, the majority will be planned to occur post 1300 Coordinated
Universal Time (UTC), to minimise!! the impact on the ATM network, with some launches potentially
occurring later, circa 1500UTC. Furthermore, it may be assumed that 50% of the sounding rockets will
be long range such that any sub-divisions will become ineffective. This means the number of occasions
the airspace is activated where sub-divisions or bespoke solution provides benefit, is reduced to less
than 10 occasions per year. When this is factored against the frequency the NAT tracks are planned
through D701 (driven by the position of the jet stream), the times this number of airspace activations
actually impacts on CAT is further reduced, especially when the timing of the launch is then factored
in.

The cost associated with significant updates to MOD Hebrides Range and ATC radar mapping
systems, aeronautical and navigation charts; the design of new ASM procedures, LoAs; and associated
training is not known; however, it is not thought to be inconsequential especially for Option 4. These
costs (once evaluated) will need to be balanced against the potential airspace use and number of
occasions, when all factors are considered, the airspace has an impact on CAT. This evaluation will
be conducted in later stages of this ACP.

3.5 Evidence to be Collected for Options Appraisal (Phase Il) Full

The Sponsor will collect or firm up the following information to inform the next phase of the Options
Appraisal:

¢ Using one or two different exemplar sounding rocket profiles, ascertain the likely areas of use
for each individual option, then test these areas against worst case® NAT traffic flows for
different times of day (probably a two-hour period prior to 1300 UTC and a two-hour period
after).

¢ Evaluate the extra track miles flown by the number of CAT aircraft affected and calculate the
approximate additional fuel burn and corresponding CO; emissions against each option.

e Ascertain how frequently, in an annual period, the Jet stream favours the NAT tracks to route
over the D701 areas compared to over Ireland or South-west Approaches.

e Ascertain a rough order of magnitude of the costs associated with significant updates to MOD
Hebrides Range and ATC radar mapping systems, aeronautical and navigation charts; the
design of new ASM procedures, LoAs; and associated training.

3.6 10 Year Forecast

It is extremely difficult to predict at this juncture the demand for the Spaceport over the next 10 years.
It is anticipated that the first two to three years will see fewer annual launches (maybe 6 during the first

11 Utilising knowledge gained operating the MOD Hebrides Range and NATS traffic ‘heat maps’; NAT
traffic reaches a peak between 0300-0700UTC and 1000-1300UTC with traffic numbers diminishing
significantly after 1500UTC.

12 The worst case will be assumed as when the jet stream dictates that the west bound transatlantic air
traffic flow will pass over Scotland on a ‘north about’ track system based on 2019 traffic levels.

QINETIQ/23/00010

Page 41 of 75
QinetiQ Proprietary



SPACE
PORT 1

year and 8 in the second year) with a gradual build-up to 10 thereafter. The market remains too
immature to forecast the requirement beyond this early period.

It is thought that demand for passengers and cargo flying to Benbecula will increase with the advent of
the Spaceport, as personnel transit to/from the mainland and rocket equipment/support items are
brought in. Local businesses (hotels and shops) should also benefit from the increase in personnel
living on the islands, this will also increase supply chains. There may be a slight increase in helicopter
support traffic where these are needed to recover any elements of the sounding rockets, although the
details remain imprecise at this stage.

Transatlantic traffic levels continue to increase post COVID pandemic but are still some way below
2019 levels. It was initially anticipated (by EUROCONTROL) that traffic levels would recover quickly
post pandemic with an upsurge in 2022 and 2023. However, these predictions have recently been
reviewed and their forecasts now suggest that a return to 2019 traffic levels may not be seen for several
years due to the global economic turndown as a result of the war in the Ukraine and other factors. The
most optimistic prediction by EUROCONTROL (see Figure 11) is an increase on 2019 traffic levels of
18% by 2028; their ‘Base’ prediction is an 8% increase and their ‘Low’ prediction -5% on 2019 levels.
Actual growth for 2022 (see Figure 12) has been somewhere between the Low and Base levels. Based
on this simple analysis, it is suggested that traffic growth in the NAT region will only exceed 2019 levels
towards the end of the 10 year period. It is therefore reasonable to argue that when determining the
impact each airspace option has on the NAT traffic, using 2019 traffic levels will provide a sensible
baseline.

-4
FLIGHT FORECAST (OCTOBER 2022) 4
Summary of flight forecast for Europe (ECAC)

eoac: | aots ] aovee | a0 2o | ote ] zoao | 2ot | zoz2 | a0z | goze | zoos | oo ] a0z | coe ]

9,431 11,142 11768 12,124 12,467 12755 13,045
IFR Flight
Movements 9,923 10,197 10,604 11002 11,085 4979 6231 9,287 10,243 10883 11,157 11,399 11620 11,873
(Thousands)
m g ! ! / ) . 9126 9,583 9,994 10,150 10,285 10405 10,530
il Growths m ! ) ) ) ! ! ! 51% 18% 56% 3.0% 28% 23% 23%
(compared & 1.6% 2.8% 4.0% 3.8% 0.8% -55% 25% 49% 10% 6.3% 25% 22% 2.0% 21%
previous year unless
Sl s akd) m : : : : : : : 46% 5.0% 43% 1.6% 1.3% 12% 12%
! 85% 101% 106% 109% 112% 115% 118%
m":‘;fﬁ"fno m 100% 45% 56% 84% 92% 98% 101% 103% 105% 107%
82% 86% 90% 92% 93% 94% 95%
Source:
Ei il Aviat EUROCONTROL 7-year Forecast 2022-2028, October 2022.
EUROCONTROL Seven-Year Forecast Update 2022-2028 Document Confidentiality Classification: White
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Post-

pandemic
recovery

LS Y

Most of the European states with
moderate GDP growth in 2023
and beyond

Limited impact on demand from
inflation (including jet fuel price)

+ Good passenger confidence
+ Dynamic tourism flows above

2019 levels

+ Fast bounce-back of business

travel

+ Airports and airlines mostly able

to bring back capacity in 2023

+ Cargo: limited staffing issues on

the whole sector and increase on
global cargo output

@ SCENARIO UPDATE (OCTOBER 2022)

Impact of war in Ukraine and Post-pandemic recovery

HIGH scenario BASELINE scenario

Weak GDP in 2023 for most
European states

High inflation impacts demand

* Relatively good passenger

confidence

+ Business travel partly replaced by

digital alternatives

- Growing environmental concerns

in some European states

+ Some airlines/airports experience

staffing/capacity issues in 2023
(but much less than in 2022)

+ Cargo: slight increase on global

cargo output in 2023

O

EUROCONTROL

A significant number of European
states in recession in 2023

Demand for travel strongly
reduced by effects of inflation

+ Occasional resurgence of COVID-

19 variants: possible travel
restrictions at local level

 Substantial replacement of

business travel (digital alternatives)

« Environmental concerns

strongly affecting travel choices

+ More extensive staffing/capacity

issues at airlines/airports in 2023

+ Cargo: deterioration of staffing

issues on the whole logistic sector
in 2023

Figure 11: Flight forecast to 2028 and scenario description table (Source: EUROCONTROL 2022).

-4

TRAFFIC TRENDS

Actual flights are slightly below the base scenario of the June 2022
forecast.

EUROCONTROL Traffic Scenarios
Published on 6 April 2022 (base year 2019)

- -
:
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88%
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z
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Figure 12: EUROCONTROL traffic trends 2022 (Source: EUROCONTROL 2022)
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3.7

Assessment of Noise Impact and High Level Assessment of Other Costs and Benefits for Each Airspace Design Option

CAP 1616 requires the Sponsor to provide an indication of the likely noise impact for each design and a high level assessment of other costs and
benefits. With regard to the noise impact, this will be the same for all three airspace options presented as, regardless of the airspace option, the
noise created by a rocket launch will not be changed — full details of noise assessment is contained at the Appendix to this document and at
Reference D. A summary of the Sponsor’s initial assessment is found in Table 4 below:

Table 4 — Summary of likely noise impact and high level assessment of other costs and benefits

the local community
for short periods
(thought to be in the
region of 43 seconds
to 120 seconds at
time of rocket
launch). This will be
limited to 10
launches per year.

Design Likely Noise Other Costs and Benefits
Option Impact
Do- No additional noise No change to the current status quo so no additional costs or benefits. As rocket launch would be
Nothing | by current airspace unviable, the expected economic benefits SP-1 is expected to bring to the local and adjacent communities
Option users as there would | and economies, as well as the UK as a whole, will not be realised.

be no change.

Rocket launch not

viable so no

increase in noise.
Option 3 | Increase in noise for | Air Quality: May be affected in the immediate vicinity of the launch site for a short period (a few seconds)

during the actual launch; otherwise unaffected.

Greenhouse Gas: Rocket engines will have a negative Greenhouse gas effect as will CAT flying extended
track miles to route around the active elements of D701, in particular for long range rockets.

Capacity/resilience: A large proportion of D701 areas being active at the same time as other adjacent
airspace reservations may impact on NAT capacity — this risk is reduced through extant D701 protocols.

Access: Impact likely to be negligible as GA levels are extremely low in this area. SOPs for the MOD
Hebrides Range would apply to the fillet of airspace around SP-1 thereby enabling access to the active DA
when safe to do so.
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Fuel burn: There is likely to be an increase in fuel burn on those occasions where CAT have to fly
extended track miles around the active D701 areas — this will be mitigated through extant ASM processes
and agreements affecting the timings when the areas can be activated.

Airport/ANSP operational costs: Minimal other than the cost of capturing the small fillet of airspace around
the launch site into the ATC training system and any additional training associated with the minor
amendments to extant LoAs and SOPs. By using D701 in its current form means the costs to ANSPs
remains at the lowest possible as ASM processes and procedures remain largely unchanged.

Airport/ANSP deployment costs: Minimal other than the cost of introducing the small fillet of airspace
around the launch site into the ATC and ASM systems and applying a new FBZ where appropriate. Other
costs would include making minor amendments to extant LoAs and SOPs.

Option 4

Increase in noise for
the local community
for short periods
(thought to be in the
region of 43 seconds
to 120 seconds at
time of rocket
launch). This will be
limited to 10
launches per year.

Air Quality: May be affected in the immediate vicinity of the launch site for a short period (a few seconds)
during the actual launch; otherwise unaffected.

Greenhouse Gas: Rocket engines will have a negative Greenhouse gas effect as will CAT flying extended
track miles to route around the active elements of the bespoke airspace structure, in particular for long
range rockets. The effect may be less than for Option 3 where it can be demonstrated using ‘inner areas’
(in particular for shorter range rockets) enables CAT to route more efficiently.

Capacity/resilience: Where a large number of segregated airspace blocks is active simultaneously with
adjacent airspace reservations, capacity on the NAT could be impacted — new protocols would need to be
agreed.

Access: Impact likely to be negligible as GA levels are extremely low in this area. New SOPs would need
to be developed that could be applied to the new bespoke airspace structure to enable access when safe
to do so.
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Fuel burn: There is likely to be an increase in fuel burn on those occasions where CAT have to fly extend
track miles around the active bespoke areas — new ASM processes and agreements will have to be
developed to help mitigate this risk.

Operational costs: increased cost associated with ongoing training and currency that will become more
complex through the introduction of two similar airspace structures in the same volume of airspace but
managed in a different manner using separate operating procedures for each.

Deployment costs: Most significant of the three airspace options presented. New operating procedures
would have to be developed with associated LoAs and SOPs. ATC, ASM and MOD Hebrides Range
systems would need significant updates to reflect the new airspace structure. Moreover, there is a
requirement for new reporting points, FBZs and ADQ validation of reference points, incurring further cost.

Option 5 | Increase in noise for
the local community
for short periods
(thought to be in the
region of 43 seconds
to 120 seconds at
time of rocket
launch). This will be
limited to 10
launches per year.

Air Quality: May be affected in the immediate vicinity of the launch site for a short period (a few seconds)
during the actual launch; otherwise unaffected.

Greenhouse Gas: Rocket engines will have a negative Greenhouse gas effect as will CAT flying extended
track miles to route around the active elements of D701, in particular for long range rockets. The effect
may be less than for Option 3 where it can be demonstrated any sub-divisions of D701 (in particular for
shorter range rockets) enable CAT to route more efficiently.

Where a large number of D701 areas are active concurrent to adjacent reserved airspace, this could
potentially induce a capacity issue on the NAT track structure. Current airspace protocols in place for
D701 help reduce this risk, which could be further reduced through the use of sub-divisions of D701 or
reconfiguration.

Access: Likely to be negligible as GA levels are extremely low in this area. SOPs for the MOD Hebrides
Range would apply to the fillet of airspace around SP-1 thereby enabling access when safe to do so.

Fuel burn: There is likely to be an increase in fuel burn on those occasions where CAT have to fly
extended track miles around the active D701 areas — this will be mitigated through extant ASM processes
and agreements affecting the timings when the areas can be activated.
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Operational cost: Costs will include training related to the new fillet of airspace and reconfiguration of D701
areas, and associated amendments to extant LoAs and SOPs.

Deployment costs: ATC, ASM and MOD Hebrides Range systems would need significant updates to reflect
the new airspace structure. This option may need additional reporting points, FBZs and ADQ validation of
reference points. Current LoAs, operating procedures (with associated training costs) would need
modifying to reflect airspace changes.
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3.8 Noise Modelling Requirement

CAP 1616 requires the Sponsor to confirm the minimum noise modelling category that is to be applied
to the airspace change. While considering the category the Sponsor will defer to the EIA extract
regarding noise modelling at the Appendix to this document, (see paragraph 19.9 ‘Assessment of likely
significant effects’ and attached ‘technical appendix’ for noise modelling and Reference D). Unlike
other airspace changes where noise is associated with aircraft and their flight profiles (which can be
modified or influenced by the airspace design), this is not the case for rocket launch. Rockets create
noise as they are launched®® and the initial launch profile is predominantly in the vertical plane then,
as the rocket gains altitude, along a trajectory’* line over the sea. However, by the time the rocket
begins its transit along a trajectory line it is at such a high altitude that the noise becomes insignificant
to personnel living in the vicinity of the launch site. It is therefore argued that the trajectory of a rocket
over the sea does not influence the noise encountered at the launch site — this will be constant for any
trajectory. Hence the airspace design has no impact on the noise created by rockets and potential
nuisance to local populace; this can only be influenced by operational conditions (time of day/night)
and environmental conditions (wind effect on blowing noise away). It is therefore argued that other
than the EIA, there is no requirement to conduct any further formal assessment on noise as this is not
within the scope of this airspace change.

It is acknowledged that the noise created by a sonic boom may be heard on St Kilda®® for those shorter
range rockets as they commence descent, (see Appendix to this document paragraph 3.2 of attached
‘technical appendix’ refers).

Because of the low concentrations of air traffic, including GA, operating below 7000ft in the vicinity of
the Outer Hebrides, the existence of a small fillet of segregated airspace around the launch site is
highly unlikely to cause any changes to current traffic patterns or flight profiles of aircraft flying in the
region. Itis therefore judged that current noise levels caused by aviation will remain unaffected by this
airspace change, regardless of option selected.

3.9 Tranquillity and Biodiversity

CAP 1616 further requires the Sponsor to consider the effects of new airspace on tranquillity and
biodiversity. In a similar vein to the noise assessment, the Sponsor proposes that formal assessments
of effects on tranquillity and biodiversity as out of scope for this airspace change. It is acknowledged
that the airspace change is a key enabler for rocket launch however, it is the physical effects of the
rocket launch that causes any impact on tranquillity and biodiversity and these effects are considered
in the planning application and covered within the EIA (extract contained at the Appendix of this

13 Noise is assessed at lasting between 43 and 120 seconds.

14 Trajectories are expected to be within the arc created by radials 212° and 352° from the SP-1 launch
site.

15 St Kilda has very few residents, the majority being engineering staff working for QinetiQ and tourists on
day trips to the island.
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document and at Reference D), and should not therefore feature in the airspace documentation since
the airspace design options have no influence on them.

3.10 Safety Assessment
3.10.1 Airspace ‘Fillet’ around launch site

As part of the work to establish a TDA under ACP-2021-37 [C], a thorough safety assessment was
conducted to establish the segregated airspace boundaries necessary for the fillet of airspace around
the launch site to support the launch of sub-orbital sounding rockets. This assessment, available at
Reference [C], will be used in this ACP as evidence to support the airspace design around the launch
site.

Due to the lack of pedigree of modern sub-orbital rockets, QinetiQ MOD Hebrides Range and safety
staff have conducted a generic safety analysis approach using key US military and Federal Aviation
Authority (FAA) reference documentation as well as experience gained from launching ballistic missile
target rockets from the MOD Hebrides Range since 2015. The analysis, conducted through a risk
management process, includes but is not limited to: launch risk analysis and hazard identification, risk
criteria, probability of failure, hazard thresholds, casualty areas, debris risk assessment, vehicle and
debris dispersion modelling, risk uncertainties and assessment of other related risks. The outcome of
the analysis provides evidence to the CAA that the boundaries of the proposed segregated airspace
fillet at Figure 2 present the maximum reasonable geographic extent of the region within which credible
hazards could occur due to rocket launch and flight activities.

It should be noted that the safety analysis process for aircraft, and the parameters for assessing the
volume of airspace required to ensure safety, are different to those when considering third parties on
the ground, either on the land area or affected sea space. The variables, environmental effects and
probability of harm are very discrete for each environment (air, land and sea) this invokes different
boundaries. Furthermore, it is common practice to have an ‘air Danger Area’ over a land mass but this
does not mean there is a hazard to all personnel on the ground beneath this volume of airspace. EG
D704, which covers Benbecula airport and the surrounding area, is a good local example; this may be
activated to segregate the hazardous activity from other airspace users but it does not mean third
parties on the ground beneath D704 are at risk; the ground safety footprint will determine the risk to
third parties on the ground, and the area will be cordoned off as necessary. For SP-1, this cordon is
considered the boundary of the spaceport.

It was further identified, from experience gained launching ballistic missile targets from the MOD
Hebrides Range during the ASD/FS Exercises, that there is likely to be a requirement to safeguard
personnel (working at the launch site) from the hazard created by low flying aircraft. It is determined
that these spaceport personnel may be at risk of harm while engaged in pre-launch preparation such
as refuelling and arming phases of the rockets, if they are suddenly alarmed by the appearance and
noise from a low flying aircraft; in particular fast jets. Because these refuelling/arming activities may
occur several hours or even days before the intended rocket launch, it was determined, in the interests
of FUA that it would be inappropriate to have the whole segregated airspace fillet activated for the
purpose of protecting ground personnel. It is proposed that a small inner circular area around the
launch pad, as depicted in Figure 3, is made available. This can be activated for longer periods of time
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without adversely impacting on other aviation stakeholders. This additional volume of airspace extends
1000m laterally from the launch pad, extending to 3000ft above ground level (AGL) and sits within the
larger airspace fillet. The primary use of this small area of segregated airspace is to protect SP-1
personnel on the ground from the sudden appearance and noise from a low flying aircraft. It may
further be of use (should it be deemed necessary by the rocket providers) to provide the rocket systems
with RF interference protection from low flying aircraft during the same critical stages of preparation.

3.10.2 Airspace volume beyond the Fillet

With regard to assessing the airspace volume required outside the airspace fillet around the launch
site, there are a number of factors to consider. Because of the limited pedigree of modern sounding
rockets, many of the factors can only be fully evaluated during the launch planning cycle!® where the
full capabilities and performance of the rocket with corresponding payload/test equipment are finally
known. Only then can the detailed safety assessment be conducted, under a variety of different
environmental conditions, to establish the debris field and associated safety traces. This is where any
environmental limitations will be imposed. Only when all this information is available and validated can
the safety trace be overlaid onto the modular airspace structure as described in Options 3 — 5. The
sub-areas that the safety trace sits within can then be notified active for the launch. Only a modular
airspace design can facilitate any number of different sounding rocket types with varying degrees of
pedigree and capabilities. This is exactly the same process and methodology used by MOD Hebrides
Range staff to test and evaluate new weapon systems and aerial targets.

3.11 Airspace Classification Options
3.11.1 Types of Airspace to Accommodate Vertical Spaceport Launches

Rocket launches and flights pose a risk to other aviation users either through mid-air collision or,
following catastrophic failure of the rocket (explosion), debris impacting other aircraft. To safeguard
airspace users from these risks there is a requirement to segregate the activity accordingly. This is
achieved through establishing segregated airspace in one form or other.

The SP-1 launch site at Scolpaig on North Uist currently sits beneath Class G ‘uncontrolled’ airspace.
This means anyone is entitled to operate in this airspace without any specific equipment, training or air
traffic control. Therefore, there is no method to safeguard them from SP-1 rocket launches. In the UK
there are five classifications of airspace which can all provide a method of segregation. These are
detailed and assessed for suitability by the Sponsor in the table below.

16 This is likely to be a few months in advance of the launch.
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3.12 Classification of Airspace Comparison A, C,D,E& G

Type of segregated
airspace

Suitability for
Rocket Launch

Sponsor Comment

Class A

No

- Instrument Flight Rules (IFR) flight is mandatory
in class A airspace, rockets will be largely
‘uncontrolled’ after launch so will be unable to
comply with ATC instructions applicable in Class
A or comply with RoTA

- Rockets will not be equipped with the necessary
Communications Navigation & Surveillance
(CNS) equipment for flights in controlled airspace

- Controlled airspace is currently permanently
on/active, therefore in the spirit of FUA it is not
practicable to have Class A for the relatively few
launches

- Too restrictive on other airspace users (inability to
access Class due to aircraft equipment and pilot
limitations)

Class C

No

- ATC instructions mandatory in class C airspace,
rockets will be largely ‘uncontrolled’ after launch
so will be unable to comply with ATC instructions
applicable in Class C or comply with RoTA

- Rockets will not be equipped with the necessary
CNS equipment for flights in controlled airspace

- Controlled airspace is currently permanently
on/active, therefore in the spirit of FUA it is not
practicable to have Class A for the relatively few
launches

- Too restrictive on other airspace users (inability to
access Class due to aircraft equipment and pilot
limitations)

Class D

No

- Rockets unable to comply with ATC instructions
that are mandatory in class D airspace or comply
with ROTA

- Inability to operate under either IFR or Visual
Flight Rules (VFR) as rockets will be largely
‘uncontrolled’ after launch

- Controlled airspace is currently permanently
on/active, therefore in the spirit of FUA it is not
practicable to have Class D for the relatively few
launches
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Type of segregated

Suitability for

Sponsor Comment

Mandatory Zone
(RMZ)

airspace Rocket Launch

Class E No Rockets cannot comply with IFR or VFR, or RoTA
Controlled airspace is currently permanently
on/active, therefore in the spirit of FUA it is not
practicable to have Class E for the relatively few
launches

Class G Yes Less impact on other airspace users since it can

Danger Area be tactically managed (does not have notified
hours of activation in UK AIP) — only activated by
NOTAM when needed

Transponder No Rockets may not be transponder equipped

Mandatory Zone Airspace would need to be controlled by

(TMZ)/Radio approved ATC not MOD Hebrides Range

controllers — resourcing issue

TMZ/RMZ would preclude many of the aircraft
using the beach landing site at Sollas during
periods when the Spaceport is not active

Table 5: Proposed airspace types for consideration with sponsor comment

3.13 Measures to Minimise Impact on Other Airspace Users

3.13.1 Classification of Airspace

Airspace with the least restrictions to other airspace users is uncontrolled Class G. This airspace still
has the option to ‘segregate’ activity through the establishment of a Danger Area; such Danger Areas
can be activated by NOTAM when needed. The Sponsor therefore proposes that the airspace

classification around the launch site remains Class G*".

17 It is noted that above FL195 the airspace is Class C and Class A however, as for the D701 areas when

activated (including airspace above FL195) the airspace is treated as Class G.
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4., Next Steps
4.1 Next Steps in This ACP

This document, together with the ‘options appraisal and design principle evaluation report’ forms the
documentary evidence for the Stage 2 DEVEOP and ASSESS Gateway assessment performed by the
CAA. The Gateway is scheduled for 27" January 2023. On successful completion of Stage 2, the
process will move to Stage 3 CONSULT. The following timeline is predicted:

CAP 1616 Descriptor

Planned Date

Stage 3 - Consult

31 March 2023

Stage 4 — Update & Submit

29 October 2023

Stage 5 - Decide

24 February 2024

Stage 6 - Implement

08 August 2024

Stage 7 — Post implementation review

To be determined (circa August 2025)
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5. Glossary
Acronym Meaning
5LNC 5 Letter Name Code
ACP Airspace Change Proposal
ADQ Aeronautical Data Quality
ADS-B Automatic Dependent Surveillance - Broadcast
AGL Above Ground Level
AIP Aeronautical Information Publication
AMC Airspace Management Cell
ANSP Air Navigation Service Provider
ASD/FS 21 At Sea Demonstration/Formidable Shield 2021
ASM Airspace Management
AT Atlantic Thunder
ATC Air Traffic Control
ATS Air Traffic Service
CAA Civil Aviation Authority
CAP Civil Aviation Publication
CAT Commercial Air Transport
CNS Communication Navigation & Surveillance
DPs Design Principles
EG D UK Segregated Airspace Designator and Danger Area
EIA Environmental Impact Assessment
ENM EUROCONTROL Network Manager
FAA Federal Aviation Authority
FBZ Flight planning Buffer Zone
FRA Free Route Airspace
FUA Flexible Use of Airspace
GA General Aviation
HIAL Highlands & Islands Airports Ltd
HIE Highlands & Islands Enterprises
IAA Irish Aviation Authority
ICAO International Civil Aviation Organisation
ICARD International Codes And Route Designators
IFR Instrument Flight Rules
LARA Local and sub-regional airspace management support system
LoA Letter of Agreement
MNPS Minimum Navigation Performance Specification
MOD Ministry of Defence
NAT North Atlantic
NLB Northern Lighthouse Board
NM Nautical Mile
NOTA Northern Oceanic Transition Area
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NOTAM Notice To Aviation

OEPs Oceanic Entry Points

RF Radio Frequency

RMZ Radio Mandatory Zone

RoTA Rules of The Air

SoN Statement of Need

SOPs Standard Operating Procedures
SP-1 Spaceport 1

SUPP Supplement

TDA Temporary Danger Area

TMZ Transponder Mandatory Zone
UCT Coordinated Universal Time
us United States

VFR Visual Flight Rules
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Appendix A — Environmental Impact Assessment Extract (Noise)

19 NOISE AND VIBRATION

19.1 INTRODUCTION

This chapter of the EIA Report describes the potential noise snd vibration impacts that may arise during launch activities
associated with the Project. The assessment evaluates the potential significant effects arising from noise and vibration
from Launch Vehicles {rockets) on human receptors only. It is supported by Appendix 19-1: Noise Technical Report,
which details the modelling methodology and criteria used in this assessment. This assessment was undertaken by
Arcus Consultancy Services Ltd (Arcus).

Noise impacts on ecological and heritage receptors are assessed in the following chapters:

® Chapter 10: Archaeology and Cultural Heritage;

Chspter 14: Ornitholagy;

Chapter 15: Temestrial Ecology; and

Chapter 16: Marine Ecolagy.

19.2 STUDY AREA

Modeling has been undertaken to determine noise levels during rocket launches, as well 83 audble sonic booms
generated by downward supersonic flight. A separate study area was generated for each of these impacts based on the
modelled outputs.

The resulting study aress consider all noise sensitive receptors within 10 km of the Project site (specifically the leunch
pad) for rocket launch noise, and receptors within 150 km for sonic boom noise, as determined by the extent of the
modelling predictions. No noise effects are anticipated outwith these study sreas (Figure 19-1).

The nesrest human, ecological and cultural heritage receptors are shown in Fiures 1 to 6 in Appendix 19-1: Noise
Technical Report.

19.3 LEGISLATIVE FRAMEWORK AND POLICY CONTEXT

This assessment follows the legisiative framewark outlined in the Town and Country Planning (Environmental Impact
Assessment) (Scotiand) Regulations 2017* (heresfter referred to as the ‘EIA Regulations’). The EIA Regulations
implement European Union (EU) Directive 2014/52/EU which smended Directive 2011/92/EU on the assessment of the
effects of certain public and private projects on the environment.

There is no guidance on thy As such, g
quicelines / polices have been used to inform the general approach to this sssessment and to provide input to the
assessment criteria. Details of these guidelines/policies can be found in Appendix 19-1: Noise Technical Report.

® Planning Advics Note PAN 1/2011 Pisnning snd Noise’;

® Technical Advice Note Assessment of Noise”;

® BS 5228-1:2009+A1:2014 Code of practice for noise and vibration control on construction and open sites. Part 1:
MNoise®;

® 85 4142:2014 + A1:2019 Methods for rating and assessing industrial and commercisl sound®;

® WHO Environmental Noise Guidelines for the Eurapean Region (2018)%.

cnes

()
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19.4 SUPPORTING SURVEYS AND STUDIES

In suppart of this sssessment, 8 review of availzble itersture and modeling methodologies for the prediction and
assessment of rocket launch and sonic boom naise was carried out. The following guidance and studies are relevant to
this assessment:

* Acoustic Loads Generated by the Prapulsion System’;

* Liser Guides for Noise Modelling of Commercial Space Operations - RUMBLE and PCBoorm';

®  Procedure for the Catculation of the Perceived Loudness of Sonic Boams®

A summary of the abowe studies can be found within the modelling methodalogy provided in Sections 3.1 and 3.2 of

19.6 CONSULTATIONS

Follwing issue of the Scoping Repart in 2018, consultation has been carried out with Comhaire nan Eikan Siar (CnES)
Enviranmental Health to agres assessment methodalogy. Fesdbadk has atsa been received fram Marine Scatland in
terms of underwater naise. The key paints regarding naise and viliration ratsed by consultess are summarised in Table

19-1.

Table 13-1 Key issues raised by stakeholders during consultation

Appendix 19-1: Naise Technical Report. Two specialist software packages have been used to model and predict both e —_— e WA WA
laurch noise and sonic baom naise. These are described in detail, along with the underlying calculstion theory, in Hesith - Seaging
Sections 2.3 and 2.4 of Appendix 19-1: Noiss Technical Repart. Respanse
June 2018
) . .
Recket launch noise has been predicted using the RUMBLE® 2.0 saftwars package. RUMBLE was developed in the USA v T T s | S e T f s | & 108
under the Airport Cooperative Ressarch Program (ACRP) to predict naise effects fram commercial space operations. o (e | P e e et
to Planning sound that will be heard at the rocket type results in predicted naise
In arder to predict the effects and extent of sonic booms generated by the Project’s Launch Vehicles (Lvs), modelling L neanest nok ive premises, at  levels at these receptors of 95 dB{A).
hass been carried out using the PCBoam v4.99 software package. PCBaom has been developed by Wyle Labarataries, MR :;nmnm '?';751 "“I"“"" ::15 m’”"'\- L) "m"“'-'“_ h:’:m
. . . . . . August 2018 with & maximum receptor has incres
nc_ in the USA under the ACRP to predict the extent of senic boams from singhe flight operstions taking into sczount TR TR
wvehicle bype, abmespheric conditions and flight trajectary. SoUsHng th 115 38conds kn the
year. Based on this information na
19.5 DATA GAPS AND UNCERTAINTIES conoerms ¥ launch numbers etc. are
rastricted to this.
Regarding the prediction of naise from rockets, the following sources of uncertainty have the patential to result in
vsristion in practice to the oise lavels predicted and assessed: Environmental 1t may be worth clarifying the Given large separation distances, Section 19.7.5,
Hesith - respanse  potential for vibration, both Ground  both around and airborne vibration  Chapter 10
® Caurce characteristics: the assessment has been carried out based on 8 ‘werst-case’ reprasentative LV, In practice to Planning and sirbamne, and if there is likefy ot human recentors is scoped ubin g ang
ather types of LVs may be used, and any differences in the specfication of these ather types, could lead to Appiication ta be any impact given the distence  Section 19.7.5 il
cormespanding differences in the noise emissian and therefores the noise levels afecting receptors; {\mxcaion) 0 the nearest sdjacent premises.  pceecoment of vibration st cultursl  Heritage.
. ) ) August 2019 Canditians covering vibration, a5 heritage receptors is assessed in
. .
Ground Reflections: the RUMBLE naise model assurmes prapagation over soft ground, i.e., the effects of nefection e T
fram water, sand er other acoustically reflective surface are net considered; and Jeunches may be applied. Cultural Heritage.
* Atmespheric Effects: the effects of wind spesd, temperature, pressure and wind speed gradients have not been v 1t 1s sssurmed that the hous of Confirmed and this is o | oo
howewer, o I e el i Shis: rieapaet. Heelth - response  operation of the site are tied to the  this chapter.
to Blanning individusl rocket lsunches (which
Regarding the prediction of sanic booms, the following saurces of uncertainty are present: Lty it
(Operating hours)  each of the 10 propased launches)
* Results of the madelling are shawn at the calculation paints only, and boarms may be audible at ather lecatians and August 2019 and will thersfore not be
miay vary between paints within the predicted boam area; and cantinucus all year raund.
® The model assumes calm conditions with no wind. It is possible that atmospheric wind conditions present during Enviranmental In terms of construction, Due to the minimal amaunt of Section 19.7.5
speciic launches may result in different noise levels to these predicted here and refraction may result in beams ARl SUUEAPRIRE | | Facoruena K e Mosvned [Res S (st tion o LSV Spareton
being audible at other locations. However, these secondary boorms would ocour at & lower sound level than the te Planning LRI S GO S| G e A s U T i
. . . Application na significant construction neise or
primary boarms considersd in the assessment. i e te]
naise)
Overall, it i unlikely that these uncertainties could have a materisl effect on the outcome of the assessment. In practice, August 2018

it is likely the assumptions made as part of this assessment will owerestimate the levels of noise, and as such this
‘assessrmeEnt considers worst-CASE SOENAnios.

@ 1594 CnEs
155 CnEs
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takeholder
Environmental

Agreed that BS4142 is not Az agreed, assessed noise from Section 19.7
Health, Combaide  applicable and that suqgested launches and sanic bosms against
nan Eilesn SI8T i paise example (supgested OIS Measured aicraft and other
e by consultants) would be more COMENON Mg 30U 1
resparese to email
conauitaian appropriste.
oubliing EH is: not aware of any ather

1t and | ich criteria or

modelling comparable noise spurces, nor
methadalogy wauld they expect any ather
April 2020 infarmation, other than what [the

consultants] have described, to be

provided in the repart.
Marine Scotland  Noted noise from jettisoned stage Mo further action related to Chapter 16:
Licensing splashdown nat likely to be of underwater noise. Marine Ecclogy
Operstions Team  concem for marine mammals due
(MS-LOT) to there being no explasion,
15/D6/2021

impulsive or persistent naise, such
as associated with piling activities.

A planning application to develop a propased Spaceport at Scolpaig Farm in North Uist was submitted ta the Comhairke
nan Edean Siar on 26 June 2019 (PManning Reference 19/00311/PPD). The planning spplication attracted significant
public attention and consequently, approximately 640 representations from the public wers received. Comments raised
from bath the public and consultees highlighted key issues and concerns of relevance to the EIA process. Given the

relatianship to the ELA process, an analysis was 1 of the The complete anslysis is

provided in Appendix 5-1: Review of Planning Representations.

In summary, there were 94 objections (15 % of the total of objections), which expressed concern over the unknomn
impact of noise pallution an local archaeslogicsl sites, wildlife {specifically birds) and the sense of peace and tranquillity
far which the Uists are known. It was felt that noise and the accompanying vibrations from construction and use of the
site could compromise the strength of Scolpaig Tawer. The impact of noise and vibration on birds is coversd in
Chapter 14: Omithalegy, and on archasalogical features in Chapter 10: Archaealogy and Cultural Heritage.

@ 196 ==
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19.7 ASSESSMENT METHODOLOGY

Whilst the policy and guidance documents detailed in Section 19.3 of this repart provide assessment methodolagies far
a wite range of naise generating developments, thers is na specific guidance regarding notse generated from aperation
af spaceparts. In addition, due to the accasional occurrence and short duration of the sound during rocket launches at
the Project site, conventional noise assessment standards are of limited relevance.

In the sbsence of specific guidance, and as agreed thraugh consultation with CnES Envirenmental Health, naise effects
have therefore bean considersd with reference to levels generated by familiar noise sources, as detailed in Sectian 19.7.1
and 19.7.2.

This repert therefare considers operational noise fram the Project, which has twa patential compenents:

* MNoise from the launching of sounding rockets; and
* Sanic boarns.

Twa racket madels ane assessed and presented in this chapter and Appendix 19-1 Noise Technical Repart: Rocket & and
Rocket B; each rep q the 'worst-case scenarios' for naise fram the launch of sounding rockets and noise generated
by sonic baams respectively:

* Rocket A is & single stage rocket, and the largest rocket type propased for launch at the Project sits. Tt controls
descent by way of early parachute deployment, which means that it does nat reach supersonic speeds during this
stage and as such will nat praduce sudible sonic booms. Due to its size, Rocket A will penerate the highest noise
levels during launch and as such presents & warse case for launch naise;

* Pocket B is & two-stage racket with the descent of the secand stage reaching supersonic speeds, and as such
generating an audible sonic boam. Rocket B presents a warst case far sonic boams.

The fusll details and specifications for Rockets A and B are commercially sensitive and & suth are not repradusced here.
Further details, including the methodalogy used to predict lsunch naise and sanic baams and modelling assumptians are
pravided in Sections 2.3 and 2.4 of Appendix 19-1: Naise Technical Repart.

19.7.1 Launch Nolse

Noise frorn each rocket launch will be of very short duration; the powered phase of Rocket A will last far approximately
120 seconds. The pawered phase of the first stage of Rocket B will last for approximately 12 seconds, and the second
stage powered phase spproximately 31 seconds, Le., the mcket will produce potentially high levels of naise for a total
43 seconds. However, the noise may not be audible for the full length of these pawered phases, due to the altitisde and

distance covered. Launches will occur na more than 10 times per year, and during daytime hours only.

As agreed through consultation with CnES Enwironrental Heslth in April 2020, conventional approaches to the
assessment of noise are not appropriste, given the very short duration and occasional nature of esch event.
Conventional methods for assessment of commercial noise {e.g., BS 4142) are typically based on the equivalent
continuous ["average’) sourd level over a defined period af time (e.q., 1 howr) and are assessed aqainst either absalute
criteria, or against pre-existing background noise levels. Such an approach is nat suitsble for the assessment of
accasional, short duration sounds such as rocket launches, where the maximum naise levels occurring during the launch

event is likely to be mare important than the "average’ over a periad of time.

The WHO Community Noise Guidelines 1999 make reference to the use of L, for the assessment of noise events which
wccur occasionally, for short duration or varying in level. As such, and as agreed with CnES Environmental Health in

@ 197 EnES
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April 2020 (see Teble 19-1), the short duration neise levels (lasting up o 120 seconds) have besn asssssed by
comparisan to Luw noise levels generated by common noise scurces. Table 18-2 provides & range of commanly

experienced noise levels of increasing level.
Table 19-2 Commonly experienced Lusss noise levels

[ Effect mparison
dB,

&0 WHO Guidelines far Recommended limit far night-time noise outside of an open window.
Cornmunity Noise 1999 Daytirme noise below this lewel highly unlikely to be disturbing.

65 Reguilation (EU) Road motorcycle at 40 m

70 HrR Road motorcycle at 25 m

75 Road motoreycle at 15 m

80 BS 52284 39 t road lorry at 10 m
(Tabile C.6.21)

85 35 t bulldozer at 10 m

(Table c.5.14 - 86 dB)

a0 Durnp trucks on haul raads at hard rack quarries at 10 m
(Table ¢.9. 16-22)
110 WHO Guidelines for  Recommended limit for protection of hearing. Noise at this level or
Carnmunity Nokss 1999 above may be harmful

Noise fram rocket [sunches ak the suraunding human receptars is therefore assessed by comparing the predicted noise
lewel ta the cammanly experienced noise levels presented in Table 19-2, with an upper limit of Lins 110 dB.

19.7.2 Sonic Boom Noise

There are no standard assessment criteria for sonic boom neise. A review of relevant studies, as discussed in Section

1.4 in Appendix 19-1: Moise Technical Report, indicates that Perceived Decibel Level (PLJB) provides the most

‘apprapriate metric for consideration of sonic boom noise. The PLAB is a metric developed to take sccount of the human

response to shock waves relating t sanic booms, taking inta account their high levels of low frequency content. Whitst

there are no standard criteria for the assessment of PLB, NASA research indicates that a PLB of up to 75 dB i
far flight over land™*.

In addition to the PLAB, the maximum averpressure during descent of the second stage is also predicted. As with Launch
noise, assessment of the maximum over pressure is compared against levels generated by & range of different sircraft
trawelling at supersonic speeds’® as outlined in Table 19-3. Maximum overpressune is described in PCBoamn in pounds
per square foct (psf) (1 psf equals 48 Pascals) and is the pressure over and sbave narmal stmospheric pressure
{2,116 psf).

Table 18-3 Example measured maximum overpressure for comparison

Lockheed SR-71 Blackbird Mach 3.0 at 80,000 ft (24 km) 0.90 psf

Concard Mach 2.0 &t 52,000 ft {16 km) 1.94 psf

Lockheed F-104 Starfighter Mach 1.9 at 48,000 ft (15 k) 0.80 psf

NASA Space Shuttle Mach 1.5 &t 60,000 ft (18 krn) 1.25 psf
Aithawgh there are no recommended criteria for from soni by aircraft, it should be noted

that a complaint was made relating to & sonic boom from Concord at .75 psf,

19.7.3 Sensitivity of Receptors and Magnitude of Change in ELA Methodology

The assessment is prepared in accondance with the EIA Regulations, and its purpose is to identify whether a significant
effect will oocur under this context.

Sections 19.7.1 and 18.7.2 of this chapter provide contesxt for quantifying the level of naise with reference to ather
sources, and it is impartant ta consider the sensitivity of receptor and magnitude of change to determine whether an
effect is significant ar not under the ELA regulations.

Sensiti
receptors to potential impacts is based on their capacity to avoid, tolerate, recover from, or adapt to a particular impact.

ity of receptors i an important consideration when ing the itude of impact. The sensitivity of

This is informed by the magnitude of change, which is experienced by a receptor of varying sensitivity. Far the purpases
of enviranmental assessment, magnitude of & change or “effect” is generally dependent on the degree to which the
change affects the feature or asset, fram a f permenent ar i change that changes the character

of the feature or asset, to barely perceptible changes that may be reversible.  Magnitude would also encompass the
certainty of whether an impact would oecur.

This it effects on ial receptors, and therefore all receptors are considered to be of high

sersitivity. T draw condusions an whether the noise kevels ientified as part of this ELA are significant, consideratian
s given to the magnitude of change, and whether this would be negligible; law; medium; or high. Definitions of these
bevels are presented in Table 19-4.

Table 18-4 Framewark for Determining Magnitude of Change

Magnitude of Definition
Change

High A fundamental change to the baseline condition of the receptor, leading to a total loss or major
alteration of character.

Medium A material, partial loss or alteration of character.
Low A slight, detectable, alteration of the baseline condition of the asset.
A barely disti hange from baseline
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When dlassifying magnitude of change within the above framework, the following factors are taken into consideration:

* Extent;

Seale, including predicted naise levels compared o thoss identified from the liberature review as being applicable:
= Launch noise: Lis: 110 dB, based on WHO guidelines;

= Somic boom naise: 75 PLAB, based on NASA research.

* Duration;

Frequency of timing; and

Reversibility.

19.7.4 Significance Criteria
Mz per the EIA Regulations, as referenced in Section 19.3, the purpase of an ELA Report is to identify whether or not a
significant effect is likely to occur < s result of & particular development.

For the purposes of this and fallowing ion with the planning authority, launch and sanic boam noise
criteria has been determined based on:

® The literature neview summarised in Appendix 19-

= Noise Technical Repart and Sections 19.7.1 and 18.7.2;
* Cansidersticn af the magnitude of change experienced by a receptar, as set aut in Section 19.7.3;
*  Professionsl judgement.

Where the magnitude would result in an effect deemed to be a material or fundamental change to & high sensitivity
receptor e.9., & medium ar high magnitude of change, effects would be generally desmed significant in sccordance
with the EIA Regulstions. Where effects are deemed to be as & result of negligible or low magnitude of change an &
high sensitivity receptar, effects would generally be deemed in with the EIA i

19.7.5 Elements Scoped Out

The lsunching of rackets of the scale considersd within this repart is unlikely to be a significant source of vibration due
to the low levels of sound and sir overpressure being generated. In addition, the sound would be daminated by mid-
range frequencies that are less prane to result in induced vibration in structures than low frequencies. As such, bath
ground and airbarne vibration at human receptors have been scoped out of further assessment, howsver precautionary

far ing specific Iocated within the site are set cut in Chapter 10: Archeeslogy and Cultural
Heritage.

Due ta the minimal amount of construction required far the Project, as well as the large separation distances
{epproximately 830 m to the nearest noise sensitive receptar), no significant construction noise or vibration effects ane
anticipated. Canstruction noise and vibratian impacts have therefore been scoped aut of further assessment. However
~ and as indicated sbave - precoutionary messures for protecting specific structures lacated within the site are set out
in Chapter 10z Archaeckgy and Cultural Heritage.

19.8 BASELINE DESCRIPTION

Due to its rursl nature, North Uist has a quiet acoustic enviranment, daminated by natural sources including the wind
and sea. Artificial scurces are usually limited to kow levels of road traffic, accasional sircraft, agriculture and shipping.

An existing MOD rocket range is present on South Uist, and the wider area is used bi-annually for Joint Warriors! and
ather military exercises, which can generate naise fram activities such as missile firings, ships and aircraft, including
law-flying supersanic fighter jets and helicopters. Although basaline naise levels in the area are normally low, there are
existing naise sources which have a comparable character and pattern af sccurrence to thase assecisbed with the Project.

19.8.1 Potential Noise Sensitive Receptors

This chapter considers impacts on human receptors anly, with impacts: on cultural heritage, omithology, terrestrial
seelogy, and marine eeology receptors sddressed in Chapters 10, 14, 15 and 16 respectively.

Figure 1 in Appendix 19-1: Noise Technical Repart shows the bocations of human noise-sensitive receptors. These have
besn identified fram Ordinance Survey MasterMap AddressBase Plus data, 2 database that combines features shawn on
large-scale digital mapping with the Royal mail address datsbase. These consist mainly of dwellings but also include
ather noise-sersitive buikdings such as schools and places of warship. The closest naise: sensitive receptors have been
identified as fallaws:

* Sealpai lacated 175 m site but is eurrently uninhabited. It is praposed
thit Byre 2 in the farm steading comphex is modified for use a3 a covered warkshap, assembly and cor i
area. There is na intenticn of reinstating Scolpaig Farmbause as a residential dwelling;

* The next closest receptor is An Ataireachd Ard st approximately 890 m south of the launch site; and

®  The closest receptors to the sast are at a distance of approximatedy 1,900 m.

All naise sensitive receptors are considered to be of high sensitivity for the purposes of this assessment.

The locations of ecological / cenitholagical receptars, in the form of Designated sitms and Nature Reserves are shown on
Figure 2 in Appendix 19-1: Naise Technical Repart. The assessment of noise impact on such receptors is caversd in
Chapter 14: Omithology, Chapter 15: Terrestrisl Ecalogy and Chapter 16: Marine Ecology.

Figure 3 in Appendix 18-1: Noise Technical Repart shaws the locations of Scheduled Manurnents and records fram the
CANMORE historic site record. The assessment of naise and vibration impact on such receptors is covered in Chapter
10: Archaedlogy and Cultural Heritage.

19.9 ASSESSMENT OF LIKELY SIGNIFICANT EFFECTS
19.9.1 Launch Moise

Figure 1 in Appendix 19-1: Noiss Technical Report shaws predicted noise level contours for the pawered phase of Rocket
A's Stage 1 trajectary, which represents the warst-case scenario for lsunch noise. The near-circular shape of the
cantours and the fact that they are cantred en the launch site indicate that the highest naise levels wauld oecur shortly
after lift-cff.

The predicted Ly, noise level is below the 110 dB criteria outlined in Section 1.7 of Appendix 19-1: Naise Technical
Report at all identified receptars, and would only be experienced during the launch period, which is limited to 120 secands
at any one time, up ta 10 times per year. Given the shart duration that this noise bevel would occur for, this is nat &
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considersd to represent & material ar fundamental change to the baseline conditions. The predicted naise level exceeds
the criteria for & negligible magnitude of change, set aut in Section 19.7.3, therefore, 85 & result of the predicted naise
lewel but limited duration, this impact is characterised as low magnitude of change. The effects from launch noise are
consequently assessed as not significant in the cantext of the ELA Regulations.

19.9.2 Sonic Booms.

Based on the rocket dimensions and trajectory of the worst-case Rocket B, the footprint of the predicted PLAB of the
sanic bocm generated during the descent of the rocket has besn calculated and is shown in Figures 4 to & in Appendix
19-1: Noise Technical Repart, covering the mast nertherly trajectory of a potential flight path, the mast southerdy
trajectary and a typical mid-range trajectery.

‘Westerly trajectory

The levels range from 67 PLAB to 97 PLAB orcurring at distances of between 20 and B0 nautical miles outwards from the
launch site. The praposed trajectory stretches out to the west of the lsunch site st a bearing of 275 With this
trajectary, sonic boom noise is predicted to be experienced on ane habitable island, St Kilda, with a Perceived Decibel
Lewel of 70 PLAB. This is below the 75 PLAB limit and would occur for less than a second, up to a maximum of 10 times
a year. Howewer, it is also important to nate that not all LV specifications generste sanic baom, and the range of
patential trajectaries available indicate that the experience of sonic boom at these locations would be infrequent. Given
the shart duration that this noise level would accur for, this is not 8 material or fundamental change to the bassline
conditians. The predicted naise level is below 75 PLAB limit ientified through the litersture review and the duration is
limited to less than one second; thersfare, the impact is considered ta be a negligible magnitude of change as defined
in Section 19.7.3. The effects from sonic boom naise at a westerly trajectory are consequently sssessed as mot
significant in the context of the EIA Regulations.

MNorthern and southern trajectories

In arder to allow Flexibility in the trajectory of each launch event (the trajectory of any given launch can be subject to
change depending on weather canditions), a Space Launch Hazard Area (SLHA) has been defined, ranging from bearings
212° to 352°, within which slternative trajectories can be used. As a worst case, the sanic boom foatprint has been
miodelled for the southern-mast passible trajectory at 212° (see Figure § in Appendix 18-1: Noise Technical Report) and
the mast northerly at 352° (see Figure & in Appendix 19-1: Naise Technical Repart).

Figure 5 in Appendix 19-1: Naise Technical Report indicates that for the most southerly passible trajectary, the Perceived
Noise: Levels ane predicted to be up to 85 PLAB on the Isle of Call. For the mast narthernly (Figure 6 in Appendix 19-1:
Noise Technical Repart), sanic boom naise is predicted to be audible across the northern half of the Isle of Lewis with
predicted Perceived Decibel Levels up to 95 PLAB. The Perceived Decibel Levels predicted for these worst-case
trajectories excesd the suggested criteria 8t human receptars. However, the duration of these effects would be limited
and oocur far less than ane second at a maximum of 10 times & year. Again, it is also important to nate that not all LV
specifications generate sonic boom, and the range of patential trajectaries available indicate that the experience of sanic
boam at these locations would be infrequent. Given the shart duration that this noise kevel would occur, this is not
considersd to represent & material, or fundamental change to the baseline conditions. The predicted noise level exceeds
the criteria for a negligible magnitue of change, as set out in Section 19.7.3. Therefare, as & result of the predicted
naise level but fimited duration (less than 1 second, up bo 10 times per year), this impact is characterised == low
magnitude of change. The effects from sonic boom noise, at & ssuthern and northern trajectory, are consequently
assessed a5 not significant in the context of the EIA Regulstions.

It shoukd alss be noted that sanic booms will only be genersted wsing two-stage rackets such as Racket B, which
represents & worst-case.

As well as Perceived Decibel Level, the maximum overpressure has also been calculated ranging from 0.01 to 0.54 psf.
This is markedly below the for and military aircraft, and almost 100 times lower
than Concorde travelling at Mach 2 at an altitude of 16 km.

19.10 MITIGATION AND RESIDUAL EFFECTS

Due ko the nature of the naise and its saurce, there are no physical mitigation measures such as screens or enclasures.
available to reduce the level of noise at the nearest receptars.

However, mitigation messures set out in Table 19-5 inclade community notification process (GMOS Pre-Launch
Communications: Advance Alert and Community Notfications) and Maritime Managernent Procedures (MUO1) far
publicising informatian on the timing of launches thraugh various media will be implemented sa that the local papulation
and visitors are aware of the passible occurrence of naise. This will alsa include a provisien for slerting mariners ta naise
with the timing and location of launches.

Table 19-5 Mitigation Measures

mef lTie _____lpescription |
GMO5  Pre-Launch An Advance Alert [ Pre-Launch Cantact Service will provide advance notice of

‘Communications: activities relevant to key s including services,

. Alert ang Meuliers and clasest residentis] receptars. Stakeholders can register for the slert
ity service on a dedicated emnail address and can view the range activity programme

(il an a dedicated website.

Lo £t The: Operatar will additianally publish r jans in ial media,
their website and at key information paints in the surrounding locality to the wider
community and stakeholders informed of key project activities and any sssocisted
restrictions. Measures are likely to include :

+  Regular updates via e-mail to local community groups.
+  Website - shawing schedule of planned activity.
Social Media - posts about planned activity.
MUDL  Maritime The: Mariti will ensure the safe lsunch of LVs from the
Procedures: spaceport and include prior ¥ and
a launch ian. Key to eliminate risk and minimise
disruption to marine users incude procedures relating to:
+  Maritime notifications - pre-launch, mission deviation, past-launch;
{community updates through various mediums, advance alert service, Notice
ta Mariners (W), Navigation Warnings (Nevilarning);

The residual effects of launch naise following implementation of the abave natification process will remain not
significant. Likewise, the resulting residual effects of sonic boam noise will remain mat significant: for the propesed
westerdy trajectory and not significant for the worst-case northern and southern trajectories for the duration of sudible
sanic baoms (less than ane sscond up to 10 times per year). Providing prior notice to residents will ensure that the

effects have been further minimised as far as practicable.
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19.11 ASSESSMENT SUMMARY AND CONCLUSIONS

This chapter assesses the potential naise and vibration impacts that may arise during lsunch activities sssocisted with
the Project. The assessment evalustes the patential significant effects arising from noise and vibration from Launch
Vehicles {rodeets) on human receptors anly. It is supparted by Appendix 19-1: Noise Technical Repart, which details
the madelling methodalogy and criteria used in this assessment.

Noise impacts on ecological and heritage receptars are assessed in the fallowing chapters: Chapter 10: Archaeslogy and
Cuitural Heritage; Chapter 14: Ornithalogy; Chapter 15: Terrestrial Ecolegy; and Chapter 16: Marine Ecalogy.

Censtruction noise and vibration impacts have been scoped out of the assessment due to the minimal construction
required for the Project, as well 25 the large separation distances fram residential receptors. Construction best practics
measures will be followed to minimise patential noise disruption.

The launching of rockets of the scale consi for th t likely o be a source of vibrtian dus
ta the low levels of sound and sir averpressune being genersted. Therefore, ground and airbarne wibration at human
receptors have been scoped aut of further hawever ionary far ing specific

structures located within the site ane set aut in Chapter 10: Archaeoclogy and Cultural Heritage.

Neise: fram each racket launch will be of very short duration, ranging from appraximately 43 to 120 secands. Launches
will aecur no more than 10 times per year, and uring daytime hours anly. The magnitude of the predicted launch naise
s within the range of commonly experienced noise levels (Lins 110 dB) at &l noise sensitive receptors and of & duration
of up to 120 secands. The impact of noise from rocket launches an human receptors has been sssessed as not
significant.

Sanic booms will oocur during the descent of some rockets, aithough modelling of the worst-case racket type and
proposed trajectory indicates that thess are likely ko predominantly affect sreas st ses, with a possible effect on St Kilda.
Depending an the flight path of the LV, other surmunding hahited islands may be affected. Levels predicted at St Kilds
are belaw thak defined as acceptable by MASA and st substantially lower levels than sanic beorns from commercial and
military aircraft. These effects will oceur for less than cne second up ko 10 times per yeer and, when considering the
averall negligible magnitude of change, the effects are assessed ta be not significant.

It is likely that other launch trajectories will be adapted when necessary; limited to within the proposed SLHA. Levels
abowe the 75 PLAB criteria are predicted on the surraunding habitable islands at the most narthernly and southernly
extremes of the SLHA. The limited duration of these effects (less than ane secand up to 10 times per year) suggests
this is not & fundamental ar material change to the baseline conditions, and results in & low magnitude of change. As
such, the effects of noise at these are far the duration of the audible sanic boam
event (less than ane second).

Implermentation of & community natification process will provide sdvanced notice to residential properties.
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INTRODUCTION

This Technical Appendix supports Chapter 19: Noise and Vibration in the Environmental
Impact Assessment Report (EIA Report) and details the underlining policy, guidance, noise
modelling methodology and outputs. Also included in this Technical Appendix are figures
showing the results of the rocket launch noise and sonic boom prediction modelling.

POLICY AND GUIDANCE

The following sections provide an overview of the policies and guidance referenced in
Chapter 19 of the EIA Report.

Planning Advice Note PAN 1/2011 Planning and Noise

This document, produced by the Scottish Government, provides advice and guidance on
the role of the planning system in limiting and preventing the adverse effects of noise.
Whilst both documents provide guidance on a range of new noise generating development
types, no guidance is given for noise generated by spaceports.

This document also provides advice on the role of the planning system in helping to prevent
and limit the adverse effects of noise, with information and advice on assessment methods
provided in the associated Technical Advice Note (TAN).

The PAN promotes the principles of good acoustic design and the appropriate location of
new noise-generating development. The selection of a site, the design of a development
and condmuns mal may be altached to a planning permission can all play a part in

and ing the effects of noise. The level of detail required of
a noise assessment should be balanced against the degree of risk to environmental quality,
public health, and amenity.

Technical Advice Note: Planning and Noise

The Technical Advice Note: Planning amd Moise (TAN) provi guidance on
methodology that may assist in the technical assessment of noise, although it is neither
prescriptive nor exhaustive. It provides methodologies for the assessment of noise from
wvarious types of developments (not induding spaceports).

BS 5228-1:2009+A1:2014 Code of practice for noise and vibration control en
construction and open sites. Part 1: Noise

BS 5228:2009+A1:2014 Code of Fractice for noise and vibration control on construction
and apen sites (BS 5228) refers to the need for the protection against noise and vibration
of persons living and working in the vicinity of and those working on construction and open
sites. It recommends procedures for noise and vibration control in respect of construction
operations.

The standard provi d sound p levels for a wide range of noise sources
commeonly encountered on construction and open sites.

BS 4142:2014+A1:2019 Methods for rating and assessing industrial and
commercial sound

BS 4142:2014+A1:2019 Methods for rating and assessing industrial and commerdial sound
(BS 4142) describes methods for rating and assessing sound in order to provide an
indication its likely effect upon nearby premises (typically residential dwellings).

The specific sound emitted from the Development (dB, Luq) is raled by takmg |nm account
both the level and character (i.e. tonal y  and
distinctiveness) of the sound. This is achieved by applying appmpnahe corrections fo the
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spedfic sound level externally at the receptor location, which gives the rating level of the
sound in question.

This standard assesses the impact of sound over a period of 1 hour during the day (07:00
— 23:00) and 15-minutes during the night (23:00 — 07:00).

2.5 WHO Noise Guid, for the Region (2018)
The WHO Emviranmental Noise Guidelines for the European Region (2018) recommend a
limnit of 45 dB({A) Lzen for aircraft noise. Lden is an annualised average noise level with ratings
applied to evening and night-time noise. Due to the small number of launches and their
short duration, the Lsen metric would not accurately represent the effect of noise from the
Dx and is therefi i for the current assessment.

The WHO Community Noise Guidelines 1999 make reference on a number of occasions to
the use of other metrics for the assessment of noise which coours occasionally or is of short
duration or varying in level, including the Lama.

3 MODELLING METHODOLOGY
As stated in Chapter 19 of the EIA Report, only operational noise from the Development is

C which has two [

+ Noise from the launching of sounding rockets; and

+  Sonic booms.

Two worst-case rocket models are d and p in the of noise:

Rocket A and Rocket B.

Rocket A s a single stage rocket and the largest rocket type proposed for launch at the
Development. Its controlled descent, by way of early parachute deployment, means that
it does not reach supersonic speeds during this stage and as such will not produce audible
sonic booms during its entire trajectory. Rocket A generates the highest noise levels during
launch and as such presents a worst-case for launch noise.

Rocket B is a two-stage rocket with the descent of the second stage reaching supersonic
speeds and as such generating an audible sonic boom. Rocket B presents a worst-case for
sonic booms.

The full details and specifications for Rockets A and B are commercially sensitive and as

such are not reproduced here, however, key details used in the prediction of launch noise
and sonic booms are provided in the relevant sections.

3.1 Prediction of Noise Levels

The levels of noise resulting during launch of Rocket A have been calculated using the
RUMBLE' 2.0 software package. RUMBLE was developed in the USA under the Airport
Cooperative Research Program (ACRP) in order to predict noise effects from commercial
space operations.

The majority of noise is created by the rocket plume interacting with the atmosphere and
combustion of propellants. This results in high-amplitude broadband sound which is highly
directive.

RUMBLE calculates sound propagation between spedfic sources (vehicle trajectory points)
and a grid of receiver points. The following factors are considered in the calculation:

+ Source Sound Power Level;

+ Forward Flight Effects;

! hirpart Cooperative Research Program, (2018) Liser Guides for Mose Modeling of Commereial Spsce Operations — RUMBLE
and POBoom, Resegech Report 183
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= Source directivity;

=« Doppler effect;

= Geometrical spreading loss;
= Atmospheric Absorption; and
= Ground effects.

Sound Power Level

The sound power level of the source is estimated using the method described in NASA
1971%, which the authors of RUMBLE validated through measurement. The following
parameters define the sound power level:

Number of engines [ nozzles;

Thrust;

Exhaust velocity; and

Acoustic efficiency, i.e. the proportion of mechanical energy that is converted into
sound. This is calculated within the software.

Noise generated during unpowered flight, which occurs approximately 120 seconds after
launch when thrust ceases, would be limited to aerodynamic noise which is likely to be
negligible. It is therefore only necessary to consider the noise effects of the powered stage
of the rockets’ ascent.

Forward Flight Effects

A rocket in forward flight radiates less noise than the same rocket in a static environment.
As the difference between flight velocity and exhaust velocity decreases, jet mixing is
reduced which reduces noise emission. The maximum overall sound pressure levels are
typically generated at subsonic vehicle speeds.

Directivi
Rocket noise is highly directive, with the highest noise level ocourring at an angle of 65°
relative to the exhaust direction, and with symmetry around the vehicle axis.

Doppler Efect
The doppler effect causes an apparent reduction in frequency of sound from an object
moving away from an observer. Due to the reduced weighting of lower frequencies when

applying A-weighting, overall A-weighted values are therefore bower from an object moving
away from an observer, and vice versa.

Geometric Spreading

This is calculated using standard spherical propagation.

Atmospheric Absarption

RUMBLE calculates this factor based on the US Standard Atmosphere?, which allows the

relevant factors of temperature, pressure and relative humidity to be estimated for altitudes
of up to 85 km.

 NASA SP-BOTZ Acoustics Loads Generated bry the Propulsion System, Mational Asronautica and Space Administration, 1971
2 bt frites. nasa, gov/search. spR= 19770009533 last accessed 13 March 2021
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Ground Effects

The software assumes soft (acoustically absorbent) ground. There is therefore potential
for levels in practice to be higher than those predicted by the moded by around 3 — 5 dB at
locations where reflection can occur over water or wet sand.

Model Inputs
The following details for Rocket A were inputted to the RUMBLE software model:
+ Spacecraft details:
= Number of engines / nozzles: 1
= Thrust: 6745 Ibf
= Exhaust velocity: 7782 fi/fs
» Trajectory:
= [First stage trajectory as defined in, in 5 s increments from launch
= Activities:
= One launch per day
« Receivers:
* 10 x 10 nautical mile area
= .05 nautical mile grid point spacing
= 201 x 201 calculation points
* From 2.5 nautical miles west of launch and 7.5 nautical miles south of launch

Model Outputs

The model was set to provide results as A-weighted maximum sound pressure levels, i.e.,
dB, Lames as this was considered to be the most relevant metric given the short-term nature
of the sound from a rocket launch.

The results from the model were exported as a grid of peoint values, which were then
processed in ArcGIS Pro Software to determine noise contour lines in 5 dB increments.

The results are for a neutral wind vedtor velocity. Launches could occur at surface wind
speeds of up to 10 ms. Under a negative wind vector velocity (i.e. upwind of the launch
site), noise levels may be reduced by around 10 dB, based on studies carried out on wind
turbines.

Atmospheric temperature, pressure and wind speed gradients at higher elevations may
result in refraction of sound towards the ground under certain conditions. It is unlikely
that this would result in higher levels than for trajectory points close to launch, due to the
increased distance travelled by the refracted sound waves.

Frequency Comtent

The NASA 1971 method was used to calculate an indicative third-octave spectrum for the
rocket noise source as this is not available from the RUMBLE software. This is shown in
Chart 1. This shows that the mid-freguency range (500 - 2000Hz) is dominant in the overall
sound. Broadband sound pressure levels in dB, dB{A) and dB(C) are consistent to within
1 dB due to the greatest relevance of the middle frequencies to the A- and C-weightings.

Arcus Consultancy Services Spaceport 1 Consortium
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Chart 1: Indicative Rocket Noise Spectrum
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Subjectively, the dominant medium to high frequencies is likely to result in a character of
noise that resembles a screech, a description which is consistent with that provided by the
rocket manufacturer and which is similar to some types of motorcycles.

Uncertainties
The following sources of uncertainty have the potential to result in variation in practice to
the noise levels predicted and assessed within this report:

« Source characteristics: the assessment has been carried out for two representative
rockets, anticipated to represent a worst-case for launch noise and sonic boom. In
practice other types of rocket may be used, and any differences in the specification of
these other types, could lead to corresponding differences in the noise emission and
therefore the noise levels affecting receptors;

« Ground Reflections: the RUMBLE noise model assumes propagation over soft ground,
i.e., the effects of reflection from water, sand or other acoustically reflective surface
are not considered; and

« Atmospheric Effects: the effects of wind speed, temperature, pressure and wind
speed gradients at the site have not been considered; however, worst-case
assumptions have been made in this respect using the US Standard Atmosphere.

Overall, it is cons that these unce! ies will not have an impact on the outcome of
the assessment.

3.2 Sonic Boom Prediction

Sonic Boom Theory

Sonic booms are the audible product of shock waves generated as an object travels
supersonically. As an object approaches the speed of sound, pressure waves generated
by the moving object are compressed to such a degree that they merge into a single shock
wave which propagates away from the point of origin at speeds faster than the speed of
sound. The generation of shockwaves from supersonic speeds is not limited to the moment

Spaceport 1 Consortium Arcus Consultancy Services
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the sound barrier is broken but are continuously generated throughout the full duration of
supersonic travel. The pressure of these shock waves is known as "overpressure™ which
refers to the increase in pressure of these shock waves over normal atmospheric pressure.

As the object continues to move at supersonic speeds, the shock waves form a "wave cone”
which extends from the front of the object at its point, back towards the rear; due to the
movement of the cbject, the wave cone appears to trail behind it, in the manner of a ship's
wake. Where this cone intersects the ground, in a hyperbolic arc, the advancement of the
object along its trajectory extends the coverage of this intercept creating a "boom carpet”
within which sonic booms will be heard. Typically, two "booms” are heard when a
supersonic object passes over a fixed reference point as shodk waves are generated at two
paints; at the front of the object and again at the rear. These shock waves are separated
by linear expansion relative to the length of the object and are experienced at ground level
by an "n-wave"; initially peaking due to compression at the front of the object, expanding
linearly until recompression occurs at the rear of the object.

Sonic Boom Prediction Modeling

In the case of this Development, Rocket B (considered to represent a worst-case scenario
for sonic boom generation) is travelling supersonically for the majority of its flight (starting
approximately 10 seconds after launch). However, only the supersonic flight of the rodket's
second stage descent will give rise to audible sonic booms at ground level. In order to
predict the effects and extent of sonic booms generated by the Development, madelling
has been carried out using the PCBoom v4.99 software package. PCBoom has been
developed for more than 20 years by Wyle Laboratories, Inc. in the USA under the Airport
Cooperative Research Program (ACRP) in order to predict the extent of sonic booms from
single flight operations taking into account vehide type, atmospheric conditions and flight
trajectory.

It does this by calculating the direction and magnitude of the shock waves generated by
the rocket’s supersonic flight, modelled as a "ray cone” which extends forward from the
front of the rocket, perpendicularly to the “wave cone”. The footprint of the sonic booms,
where sonic booms are predicted to be audible at ground level, is determined by the
intersection of the ray cone with the ground and is calculated for each point of the rocket’s
trajectory.

At steep climbing angles, such as vertical launches, the ray cone will not reach ground level
unless refracted back via atmospheric gradients. As this is only likely to oocur in rare
circumstances (requiring a specific set of conditions) only the sonic boom generated as
Rocket B's second stage descends towards the ground is considered.

PCBoom uses ray tracing to predict the extent and magnitude of a number of sound metrics
associated with the sonic booms such as maximum overpressure (psf*), A, C and E
weighted Sound Exposure Levels (dBA, dBC and dBE respectively), Peak Level (dB), and
Perceived Decibel Level (PLAB).

In order to do this, PCBoom requires the following information:

(-
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» Atmospheric pressure at ground level;

» Temperature and wind velocity at a number of altitudes throughout the atmosphere;

» Physical properties of the object in flight (dimensions, weight, etc.);

» Object Shape Factor (single figure representation of the geometry of the object);

» Object trajectory (heading, dimb angle, angle of attack, etc.); and

» Object flight properties (total thrust, plume drag, etc.).
4 Pounds per squase foot
5 Bodander, Christian R, et al, (2019) Arocechire for the Calulation of the Percsived Lovahess of Sonic Booms, ALA Scitech
2019 Farur
Arcus Consultancy Services Spaceport 1 Consortium
Page 6 December 2021

QINETIQ/23/00010

Rocket B is smaller and lighter than Rocket A with a thrust of 1664 Ibf and exhaust velocity
of 6145 fi/s.

The input parameters required by PCBoom for Rocket B throughout its flight, taken at 10
seconds intervals, have been determined from information provided by the rocket
manufacturer. It should be noted that the predicted PLAB has been calculated for each
trajectory interval only and has not been interpolated to generate equal loudness contours.
As such, it is possible that the magnitude of the PLdB may differ in-between points of
similar level.

Mode! Assumplions
Due to the wide range of inputs required by PCBoom, a number of assumptions have been

made. Atmospheric wind speeds and direction will vary between launches carried out at
different times during the year. For simplicty, the model assumes wind at zero velocity.

The US Standard Atmosphere, determined by NASA in 1976° has been assumed for
atmospheric temperature and is the same as the IS0 International Standard Atmosphere
up to altitudes of 32 km.

In practice it is unlikely that these assumiptions will impact either the predicted sound levels,
or the outcome of this assessment.

Shape Factor

This is a single figure, numerical representation of the shape of the rocket; based on the
dimensions, planform area, and cross-sectional area of the rocket. The shape factor for
Rocket B is 0.015.

Limitations and Uncertainties
The results of the modelling are shown at the calculation points only, and booms may be
audible at other locations and may vary between points within the predicted boom area.

As previously stated, the model assumes calm conditions with no wind. It is possible that
atmospheric wind conditions present during specific launches may result in different noise
levels to these predicted here and refraction may result in booms being audible at other
locations. However, these secondary booms would occur at a lower sound level than the
primary booms considered in the assessment.

As for the modelling of noise, there are a number of uncertainties associated with the
prediction of sonic booms effects, including the characteristics of the rocket, propagation

and atmospheric factors, however these are unlikely to significantly affect the outcome of
the assessment.

Key output sound metrics

PCBoom outputs a series of different metrics for predicted sonic booms, however there are
ftwo key metrics of interest relating to human response:

« Perceived Decibel Level (dB); and

+ Maximum overpressure (psf).

Perceived Decibel Level (PLAB) is a metric developed to take account of the human
response to shock waves relating to sonic booms. It takes into account the high levels of

low frequency content present in sonic booms. Whilst there are no standard criteria for
which to assess the perceived noise generated by sonic booms, MASA research indicates

& US Standard Mmcsphere, 1976, NASA, NOA, and USAF, hitps:/intrs nésa govfsearch jsp?R=15770009539 last accessed 31

March 2021
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that a PLdB of up to 75 dB is acceptable for unrestricted supersonic flight over land”. To
put this into context, the sonic boom noise level of Concorde was 105 PLdB, with NASA
research (as of 2018) reducing sonic booms from commercial jets to as low as 79 PLdB.
An increase of 10 dB is perceived as a doubling of loudness, as such the criteria is
perceptibly an 8" of the loudness of Concorde.

Maximum overpressure is described in PCBoom in pounds per square foot (1 psf equals 48
Pascals) and is the pressure over and above normal atmospheric pressure (2,116 psf). As
a reference point the following levels of overpressure have been measured for a range of
different aircraft travelling at supersonic speeds®:

Lockheed SR-71 Blackbird; Mach3at80000fee!(24km) 0.90 psf;

Concord; Mach 2 at 52,000 feet (16 km): 1.94 psf;

Lockheed F-104 Starfighter; Mach 1.93 at 48,000 feet (15 km): 0.80 psf; and

NASA Space Shuttie; Mach 1.5 at 60,000 feet (18 km): 1.25 psf.

Although there are no rec ded criteria for P sre from sonic booms generated
by aircraft, it is worth noting that a complaint was made relating to a sonic boom from
Concord at 0.75 psf®.

2 m {/www.nasa qov/togics/ seronautics/features/sonic_boom thump himi last accessed 8 March 2021
nasa, [FactSheets FS-016-DFRC.hml last accessed 15 April 2021

;;:e()alh@esdbernnq an Acceptable Sonic Boom Overland”, F. Coulouvrat, 15% ALAWCEAS Aeroacoustics Conference,
Arcus Consultancy Services Spaceport 1 Consortium
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