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1. INTRODUCTION

1.1 Background

1.1.1 There is a public perception that Test, Evaluation, Demilitarisation, and Training support
activities (the Range Activities) at the Ministry of Defence (MOD) Land Ranges operated by
QinetiQ can produce noise and vibration that may be damaging to property through airborne
or seismic shock waves.

1.1.2 Southdowns Environmental Consultants Ltd (Southdowns) has been appointed by QinetiQ,
on behalf of the MOD, to undertake an independent investigation into whether, and to what
extent, Range Activities result in potentially damaging effects to building structures at
locations surrounding the Land Ranges.

1.1.3 QinetiQ provides Test and Evaluation (T&E) and Training Support services to MOD under a
25-year contract i the Long Term Partnering Agreement (LTPA).

1.1.4 The initial requirements for the monitoring study were presented in 6 Pendi ne Noi s ¢
Vibration Monitoring Study (NVMS) - System Requirements Document (SRD) [1] produced
on behalf of the MOD by QinetiQ.

1.1.5 The Single Statement of User Need, set out in the SRD states:

060The User requires a competent i ndependent st
Demilitarisation, and Training support activities (the Range activities) cause excessive noise
or vibration that could possibly cause damage or exceed legal limits and their effect on local
communities and at specific | ocations through

1.1.6 Further consideration was given to the main study aims, the associated risks and study
limitations and, following further communication with QinetiQ, the final study scope and key
objectives were agreed. These are set out in Section 1.2 below.

1.2 Scope

1.2.1 The study comprised the long-term continuous measurement of airborne sound pressure
levels, air over pressure and ground-borne vibration caused by Range Activities at a series
of locations within and around the LTPA Land Ranges. The resulting measurement dataset
has been analysed and where possible, a causal link between on-Range Activities and
measured magnitudes of sound and vibration at surrounding off-Range locations determined.

1.2.2 Where a causal link has been determined from the analysis, then the magnitudes of
measured sound / air overpressure and ground-borne vibration have been assessed against
appropriate criteria to establish the likely risk of: potential building damage.

1.2.3 The following key objectives have been identified to achieve the overarching aims of the
study:

1 Establishment of relevant metrics, criteria and thresholds for building damage, through
the review of contemporary research and published literature;
Selection of appropriate monitoring equipment and systems;

Development of a detailed methodology for the undertaking of a large scale monitoring
programme;
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Selection of suitable monitoring locations;
Design and implementation of data management procedures to maintain data quality;

Collation and analysis of large quantities of data;

Determination of the magnitude of sound pressure and vibration exposures from Range
Activities;

Development of a robust technique for defining causal link; and

Reporting of suitable information to the client and other external parties.

1.2.4 The monitoring commenced in the vicinity of the Pendine Range on 3rd November 2014 for
a period of six months at 10 off-Range monitoring locations. In addition, two monitoring
systems were installed within the confines of the MOD Pendine Land Range. The monitoring
equipment was set-up with a synchronous trigger system which allowed for simultaneous
triggering between the on-Range and off-Range monitoring locations, allowing data capture
at the off-Range monitoring locations at the precise time of an activity on the Range.

1.2.5 The assessment criteria and thresholds adopted for this study are summarised in Section 2
of this report. The monitoring study methodology is presented in Section 3. Details of the
Range Activities and the data captured are presented in Section 4. The results of the
monitoring study are presented and discussed in Section 5 and finally, the study conclusions
are presented in Section 6.

51897m-SEC-00168-05 3 June 2016



2. ASSESSMENT CRITERIA

2.1 Introduction

2.1.1 Anindependent review of published available contemporary research and guidance has been
undertaken to ensure that appropriate assessment indicators and effect thresholds were
identified and adopted for the interpretation and assessment of the collated dataset.

2.1.2 The following series of review objectives were established to achieve the overall aim:

1 develop an understanding of the acoustic effects of activities which are undertaken on
MOD Land Ranges;

1 identify the acoustic characteristics which may cause adverse effects leading to
structural damage;

1 provide best practice guidance for the measurement of acoustic effects from military Land
Range Activities at receptor locations distant from Range operations; and

1 develop an understanding of the magnitudes at which such acoustic related effects are
likely to cause structural damage to property and potential damage to hearing.

2.1.3 The review drew on previous similar studies undertaken in the UK and overseas, as well as
relevant British Standards and academic literature, to provide context and technical
commentary on the key considerations for the monitoring study.

2.1.4 The primary focus of the review was associated with potential building damage associated
with sound pressure, air overpressure and ground-borne vibration generated by Range
Activities. Human responses associated with the non-auditory adverse effects of noise and
vibration including disturbance, annoyance and sleep disturbance fall outside the scope of
the review.

2.1.5 The findings of the research are presented in full in Sout hdowns report 6C
Assessment of Potential Building Damage Effects from Military Te st A c tréefarande [2)e s 6

2.2 Building Damage Thresholds

2.2.1 The findings of the independent review have been used to establish relevant thresholds for
the onset of building damage for ground-borne vibration and air overpressure. The
thresholds, presented in Table 2.1 and Table 2.2 for ground-borne vibration and air
overpressure respectively, have been adopted for the main study, to assess the potential
effects from Range Activities, on properties and their occupants in the vicinity of Pendine
Range.
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TRANSIENT VIBRATION THRESHOLDS FOR THE ON-SET OF COSMETIC DAMAGE

TYPE OF BUILDING

MAXIMUM
DISPLACEMENT

PEAK COMPONENT PARTICLE
VELOCITY IN FREQUENCY RANGE OF

PREDOMINANT PULSE

Less
Less than 4 Hz than 4 Hzto 15 Hz 15 Hz and
above
4Hz
Reinforced or framed structures a
- - 50 mmstat4
Industrial and heavy commercial - -
o Hz and above
buildings
20 mmst at
. . 15 mms?tat4 15 Hz
sLt‘:E::?:Jr;gclgdesoi:jlelgzg:crgmieit 0.6 mm zero to ) Hz increasing increasing to
con.1mercial tvpe 9 peak to 20 mms™ at 50 mms* at
yp 15 Hz 40 Hz and
above
Any R
. e 12.5 mms?
Precautionary building 0.6 mm zero to
Thresholds vul bl eak
Adopted uinerable P 6 mms?
Structures

TABLE 2.1: GROUND-BORNE VIBRATION THRE SHOLDS FOR ON-SET OF COSMETIC

DAMAGE TO BUILDINGS

Notes:

[1] 7 further information on the derivation of these values is provided in Reference [2].

Air Overpressure Threshold Scale
dB Lzpeak Categorisation
180 Onset of structural damage
171 General window breakage
151 Some window breakage
140 Reasonable threshold to prevent glass and plaster damage
134 USBM 6Safed maxi mum
120 Secondary vibration effects including rattling windows and objects

TABLE 2.2: AIR OVERPRESSURE THRESHOLDS FOR DAMAGE AND OTHER EFFECTS ON

BUILDING STRUCTURES
Notes:

[1] 7 further information on the derivation of these values is provided in Reference [2].

23 The Control of Noise at Work Regulations 2005

2.3.1 Inaddition to the consideration of potential damage to building structures, the study has also
considered the potential for Range Activities to exceed statutory limits, which include the

51897m-SEC-00168-05
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thresholds set out in the Control of Noise at Work Regulations 2005, as referenced in the
Pendine SRD [1].

2.3.2 The Control of Noise at Work Regulations 2005 (CNWR) [3] came into effect on the 6th April
2006 and describe the various obligations on employers and employees to ensure that the
risk of hearing damage in the workplace is minimised. The Regulations are based around
two action levels and an exposure limit value, which are reproduced in Table 2.3.

daily or weekly personal exposure of 80 dB(A)M
Lower exposure action values

peak sound pressure of 135 dB(C)?

daily or weekly personal exposure of 85 dB(A) [

Upper exposure action values
peak sound pressure of 137 dB(C) @

daily or weekly personal exposure of 87 dB(A) [

Exposure limit values

peak sound pressure of 140 dB(C) @
TABLE 2.3: SUMMARY OF ACTION AND EXPOSURE LIMIT VALUES FROM THE CNWR 2005

Notes:
[1] - The daily or weekly personal exposure is the level of exposure to noise of a person, averaged over a working day or
week; and

[2] - The peak sound pressure is the maximum value of the C-weighted sound pressure, to which a person is exposed during
the working day.

2.3.3 The above action values and exposure limits are used to determine the risk to hearing and
when action should be taken to reduce an employee's exposure to noise.
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3.1

3.1.1

3.1.2

3.1.3

3.14

3.15

3.2

321

3.2.2

3.2.3

MONITORING METHODOLOGY

Study Location

The MOD Pendine Land Range is located on the southwest coast of Wales, approximately
12 miles southwest of the town of Carmarthen. It provides the MOD with a key facility for
test, evaluation and training support activities and is the UK and NATO European Regional
Test Centre (ERTC) and is a recognised facility for the accreditation of small arms and
cannon ammunition.

The Range covers a land area of approximately 20 km? which includes a 9 km section of
shoreline with the sea danger area stretching over approximately 18 km2. It also includes
an Air Danger Area which extends up to 23,000 ft.

The Pendine Land Range is divided into three areas; West, Central and East. The separate
areas have different facilities, sub divided into smaller individual test site areas, providing a
total of 18 available Ranges.

The central section of the Range features a 1500m Long Test Track (LTT) facility which
allows for high-speed dynamic trials.

The eastern end of the Range consists of long range small arms and static trial ranges,
including a smaller test track, although it is understood to be rarely utilised.

Site Selection Process

Locations for the monitoring study were selected on the basis of both acoustic and non-
acoustic considerations, having regard to appropriate published guidance documents. The
practicalities of installing, securing and maintaining the monitoring equipment were also key
considerations.

Following the completion of the site selection process, 10 off-Range locations and 2 on-
Range locations were selected. The monitoring locations are presented in Table 3.1 overleaf
and Figure Al of Appendix A.

Full details of the site selection process for the monitoring locations are provided in Volume
21 Technical Appendices: Detailed Methodology [4].
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3.3.2

3.3.3

3.4

3.4.1

D

Monitoring Location Area Approximate Distance to
Identification Code /Region Range (PEN_R1) (km)
PEN_R1 On-Range N/A
PEN_R2 On-Range N/A
PEN_OS1 Laugharne 3.7
PEN_OS2 Laugharne 0.6
PEN_0OS3 Laugharne 3.1
PEN_0OS4 Laugharne 4.0
PEN_OS5 Llanstephan 6.2
PEN_OS6 Ferryside 8.0
PEN_OS7 Kidwelly 7.8
PEN_OS8 Ferryside 11.8
PEN_OS9 Plashett 1.9
PEN_OS10 Pendine 5.6

TABLE 3.1: MONITORING LOCATIO NS

Selected Monitoring Equipment

The selected monitoring equipment deployed for the main study was based on the SINUS
Samurai monitoring system. The system comprises an industrial PC running Windows 7
and features a synchronous triggering function which has allowed for simultaneous
triggering between separate monitoring locations. Data collected during the monitoring
study was stored locally on Solid State Drives (SSD) installed within each of the monitoring
stations, and then uploaded to a dedicated secure central data server on a daily basis via a
File Transfer Protocol (FTP).

Each monitoring station comprised of:

1  SINUS Swing 4-channel noise and vibration monitoring station; and
1 Uninterruptible Power Supply (UPS) system (up to 48 hours of power backup).

Connected accessories to each of the SINUS noise and vibration monitoring station include:

1 G.R.AS. 41CN Outdoor Microphone System;

1  SINUS tri-axial geophone;

1 Garmin Global Positioning System (GPS) receiver; and
1 Thies Clima Sensor (at selected monitoring locations).
Synchronous Detection Technique

A feature of the monitoring system deployed was the use of a GPS clock to synchronise the
time base across all monitoring systems at both on-Range and off-Range locations.
Combined with this was the use of a networked synchronous triggering system which
allowed for simultaneous triggering between on-Range, and all off-Range monitoring
locations. To ensure data capture, the trigger threshold for all three on-Range monitors was
set at 75 dB Lpar. When this trigger level, at one of the on-Range monitors was exceeded,
a trigger command was transmitted to the off-Range monitoring systems via the internet,
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which allowed for data to be captured at the monitoring locations at the precise time of an
on-Range Activity occurrence. In addition to the main triggering system, each off-Range
monitor was also configured to trigger following a localised (non Range related) noise event.

A 5 second pre-trigger audio capture, followed by a post trigger audio capture of 30 seconds
was set up for the on-Range systems. The off-Range monitors were set with a 5 second
pre-trigger capture, followed by a post-trigger capture of audio for up to 120 seconds, which
allowed for small delays implicit in the triggering system and also delays expected due to
the propagation of air overpressure and/or ground-borne vibration over the longer distances
involved. The hardware was programmed to ensure that any trigger activity was captured
from both the microphone and geophone sensors simultaneously, to allow side by side
comparison of sound pressure and ground-borne vibration in the time domain.

The introduction of a synchronised time base and networked triggering system allowed for
a clear link to be established between on-Range Activities and magnitudes of sound / air
overpressure and vibration at off-Range locations, which is a principle aim of the monitoring
study. An overview of the synchronous trigger system process is displayed graphically in
Figure A2 of Appendix A.

Full details of the monitoring equipment and data management systems are provided in
Volume 27 Technical Appendices: Detailed Methodology [4].

51897m-SEC-00168-05 9 June 2016



a
)

4, MONITORING SUMMARY
4.1 Summary of Range Activities and Data Capture

4.1.1 The full Pendine Range firing records, as provided by QinetiQ Ltd between 3 November
2014 and 3™ May 2015 are presented in Volume 3: Technical Appendices i Results [5].

4.1.2 During the monitoring study, there were a total of 3,282 events which triggered the on-Range
monitors (1,719 captured by PEN_R1 and 1,563 captured by PEN_R?2).

4.1.3 Of the 3,282 triggered events, 3,149 were attributable to non-firing activities on the Range
including local vehicle movements, wind noise on the microphone, local maintenance works,
Range alarms and vehicle sirens.

4.1.4 Ofthe 133 (3,282 1 3,149) Range triggered events, 30 triggered more than one of the on-
Range monitors, capturing a total of 103 individual Range Activities.

4.1.5 The trials undertaken on the Range during the monitoring period were categorised as Static
activities, Dynamic activities Smal | Arms & Canbnotnr aFHinriengand 0

416 The 6Small Arms & Cannon Firebé and OMilitaryo
trigger the on-Range monitoring systems. Playback of the audio waveform indicated that
triggered activites whi ch occurred duri&gCaonhohsedrid&h
OMi I i tary6 twerainfadtattgbutable toiextranéousedivities (including vehicle
movements and wind noise on the microphone) and therefore these activities have been
excluded from further consideration in this study accordingly.

4.1.7 During the monitoring study, the Range logs recorded a total of 149 Static and Dynamic
Activities were expected to trigger the on-Range monitoring systems, with 149 individual
activities recorded, of these, 46 (1491 103) were not captured by Range monitors.

4.1.8 Of the 46 Range Activities not captured by the on-Range monitors, 42 were not captured
because they did not exceed the trigger threshold level (TNE), whilst 4 were not captured
due to equipment outages.

4.1.9 Of the 103 individual triggered Range Activities, the number captured at an individual off-
Range monitor ranged between 89 and 66, as displayed in Table 5.1 below. The number of
Range Activities not captured at an off-Range location was influenced by a variety of
reasons including: unforeseen delays in installing the ADSL services at off-Range locations,
previously agreed hosts deciding to withdraw from the monitoring study, ADSL outages and
on-Range network outages.

4.1.10 The on-Range network outages were responsible for 13 Range Activities not being
captured at off-Range locations between 13th and 15th January 2016. Following a review
of the Range firing logs as presented in Volume 3: Technical Appendices i Results, it is
noted that the type and size of the 13 Range Activities not captured are considered to be
typical Range Activities, and are therefore represented by other activities captured during
the study.

4.1.11 Where the on-Range monitors were not triggered it was found that the off-Range monitors
were also not triggered locally by sound / air overpressure from the Range Activity.
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4.1.12 A summary of the quantities of captured on-Range and off-Range Activities during the
monitoring study is presented in Table B1 of Appendix B.

4.2 Summary of Data Capture

4.2.1 Full details of scheduled equipment maintenance works (including telecommunications and
data management system maintenance) and known system outages experienced during
the monitoring study are presented in Volume 2- Technical Appendices i Detailed
Methodology [4], whilst Tables B2 to B7 of Appendix B provide summarised schedules of
Range Activities captured at each of the individual off-Range monitoring locations
respectively.
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5.1.2

5.1.3

5.2

5.2.1

5.2.2

5.2.3

524

525

RESULTS AND DISCUSSION

Introduction

The dataset collected during the monitoring study has been processed, using appropriate
methodologies and statistical techniques, to determine causal links and to assess the
maghnitude of the measured values. These methodologies and techniques are described in
full'in Volume 21 Technical Appendices 1 Detailed Methodology [4], which includes worked
examples of a selection of confirmed Range Activities captured during the monitoring study.
In addition, examples of non-Range ( or 0 e x t actiities aveupsedehted to enable a
direct comparison with those known to be associated with Range Activities.

Section 5.2 below presents a summary of the testing undertaken to test for any causal link
between on-Range and off-Range triggered activities, while Section 5.3 presents a
summary of the results for the on-Range and off-Range triggered activities and a summary
of activities concluded not to be associated with the Range.

The full study results for sound pressure / air overpressure and vibration including time
histories, sound spectrograms and calculated statistical results are presented in Volume 3
T Technical Appendices i Results [5].

Test for Causal Link

The classification of the test for a causal link used herein provides a measure of the
probability that an activity at a primary location has given rise to a measured response at a
secondary location.

Automated signal processing techniques were used to determine an initial indication of
causality at all monitoring locations for all captured Range Activities. The magnitude of
causality presented in the results has been categorised accordingly:

1 positive causality (PC) 1 statistical evidence indicates a reasonable likelihood that an
on-Range Activity has caused an off-Range effect (i.e. probable causality);

9 uncertain causality (UC) i insufficient statistical evidence to confirm that the on-Range
Activity has caused an off-Range effect (i.e. possible causality);

1 no causality (NC) T little or no statistical evidence to suggest that the on-Range Activity
has caused an off-Range effect (i.e. unlikely causality).

Activities which fall into positive causality (PC) have been included in the data set for
assessing magnitudes of sound / air overpressure at off-Range locations, as it is accepted
that the measured effect is most likely to be due to Range Activities.

Activities which fall into the uncertain causality (UC) category have also been included in
the assessment nevertheless, as it is accepted that the measured effect could be due to
Range Activities.

For activities which identified no causality (NC) following the initial application of the signal
processing techniques, further manual analytical interrogation of the data set was applied
in each case to determine whether a causal link could be established.
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5.2.6 Where causality was subsequently established, the individual Range Activities were
included in the assessment of sound / air overpressure magnitudes from Range Activities.

5.2.7 A summary of the distribution of confirmed Range Activities detected at the off-Range
monitoring locations is presented graphically in Figure A3 in Appendix A, which identifies
the proportion of the activities that have been assessed to have: positive, uncertain or no
causality. These results are also tabulated in Table 5.1.

No.g;éﬁtrigéties % Activities Captured

2 > 2 >

Total On- Total Off- > < = > E =

Off-Range Acli\’isint?ees[” Ac?iiﬂ?ei“l 3 § % 3 § %
Location Captured Captured SU £ % 3 £ 2

g 2 © g >

S 3| 3| 2|8 | 3

-} o -} o
PEN_OS1 103 88 10 18 60 11% 20% 69%
PEN_0OS2 103 89 9 17 63 10% 19% 71%
PEN_0OS3 103 81 7 10 64 9% 12% 79%
PEN_0OS4 103 74 10 15 49 14% 20% 66%
PEN_OS5 103 89 8 13 68 9% 15% 76%
PEN_OS6 103 87 7 15 65 8% 17% 75%
PEN_OS7 103 80 10 22 48 13% 28% 59%
PEN_0OS8 103 87 9 14 64 10% 16% 74%
PEN_0OS9 103 69 12 17 40 17% 25% 57%
PEN_OS10 103 78 12 32 34 15% 41% 44%

TABLE 5.1: DISTRIBUTION OF ACTIVITIES INTO CAUSAL CATEGO RIES
Notes:

[1] number of individual static and dynamic activities captured.

5.2.8 The results indicate that Range Activiteswh i ch s heCmeuds adNada y 6 varied
(PEN_OS6) and 17% (PEN_OS9) across the individual off-Range monitoring locations,
when using a combination of signal processing techniques and manual interrogation of the
data set.

5.2.9 Between 44% (PEN_0OS10) and 79% (PEN_OS3) of the confirmed on-Range Activities
have been classified as dositive Causalitydacross all of the off-Range monitoring locations.

5.2.10 The off-Range monitoring location where the highest number of activities were categorised
a sUndertain Causalitybwas at PEN_0S10.

5.2.11 The lower confirmed causality at PEN_0OS10 is most likely to be due to a combination of
meteorological effects (including the effects of the prevailing wind direction) as it is the only
monitoring location to the west of the Range.

5.2.12 PEN_OS3 is shown to exhibit the lowest proportion of 6 U n ¢ e Causalityd whilst the
number of iNo Causalitydactivities is similar to a number of other off Range locations.
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5.2.13 The study has therefore identified a confirmed causal link between Range Activities and
measured effects at off-Range monitoring locations, for up to 79% of the triggered Range

Activities. So this means if those activitiesf al | i ng i nt Causalid & A earotr g i
included for a cautious assessment then up to 91% (PEN_OS3) of the on-Range Activities
show a causal link at off-Range monitoring locations. Act i vi ti es falling ini

category have not been included in the assessment.
5.3 Sound / Air Overpressure and Vibration Magnitudes

5.3.1 The dataset (Positive and Uncertain Causality) has been processed to calculate absolute
sound / air overpressure and vibration values both on-Range and off-Range monitoring
locations.

5.3.2 The sound / air overpressure and vibration levels measured at PEN_0OS1 to PEN_0S10,
which are directly attributable to on-Range Activities are presented fully in Volume 3:
Technical Appendices i Results [5].

5.3.3 Sound / air overpressure levels are presented graphically in Figures A4 to A33 of Appendix
A and summarised in Tables B2 to B7 of Appendix B

Summary of Range Activity Results

5.3.4 The results indicate that the highest Z-weighted (or linear) sound pressure level resulting
from a static Range Activity, measured at an off-Range location during the monitoring study
was 134 dB Lzpeak, Which was measured at the PEN_OSS. This falls below the adopted
study threshold to prevent glass and plaster damage of 140 dB Lzpeak, by approximately 6
dB.

5.3.5 The highest c-weighted sound pressure level from a static Range Activity, measured at an
off-Range location was 127dB Lcpeak, Which falls below the CNWR lower exposure action
value of 135 dB Lcpeak.

5.3.6 The results also indicate that the highest sound pressure level from a dynamic Range
Activity, measured at an off-Range location during the monitoring study was 124 dB Lzpeak,
which was measured at PEN_OS2. This is above the threshold at which secondary
vibration effects may occur but falls below all the building damage thresholds presented in
Table 2.2.

5.3.7 Detailed analysis of the results has shown that the vibration signals captured at off-Range
locations arrived at a similar time to the sound pressure waves, indicating that the vibration
generated by Range Activities at off-Range locations was a result of a coupling effect
between the sound / air overpressure wave and the ground at the point of measurement,
rather than from direct ground-borne propagation of vibration from the source of Range
Activity. An example of this is shown graphically in Figure A36 of Appendix A for PEN_OS2
with the signal arriving around 7 seconds after the on-Range event was triggered. If the
measured vibration was associated with ground-borne propagation then a pronounced
difference in arrival times would be observed with the vibration signal arriving in advance
of the sound pressure signal. Further details are provided in Volume 2 7 Technical
Appendices i Detailed Methodology, Chapter 4 [4].

5.3.8 Notwithstanding that the vibration measured is considered to be attributable to the air
overpressure coupling (as opposed to ground-borne vibration), the highest component
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velocity level measured at an off-Range location during the static Range Activities was 0.87
mms?, which was measured on the z-axis at PEN_OS3. This falls considerably below the
ground-borne vibration thresholds for the on-set of cosmetic damage as set out in Table
2.1.

Table B11 of Appendix B presents the distribution of maximum component velocities per
each orthogonal axis. A total of 51% of events across all monitoring stations (Range and
Off-Range) observed a maximum velocity level on the z-axis (vertical) compared to 33%
on the y-axis and 16% on the x-axis.

5.3.10 A vibration level of 3.65 mms™ was measured at PEN_OS?7 during a static Range Activity,

however, further interrogation of the data set revealed that this was due to localised activity
which occurred during the same time period.

5.3.11 The highest vibration level measured at an off-Range location during the dynamic Range

5.3.12

Activities was 0.29 mms?, which was measured at PEN_0OS2. This falls considerably below
the ground-borne vibration thresholds for the on-set of cosmetic damage as set outin Table
2.1.

The maximum displacement levels for both static and dynamic activities fell below the
threshold of 0.6 mm zero to peak at frequencies below 4 Hz, with the highest measured
level being 0.01 mm. A displacement level of 0.06 mm was measured at PEN_0S?7,
however this was not found to be as a consequence of a Range Activity.

Summary of Off-Range Locally Triggered Activities

5.3.13 A summary of locally triggered measurements (triggered activities not associated with

5.3.14

5.3.15

5.3.16

5.3.17

5.3.18

Range Activities e.g. birdsong, aircraft, road traffic) are presented in Volume 3: Technical
Appendices i Results [5]. The table presents the highest Lcpeak, Lzpeak @and PPV values
measured at each off-Range monitoring location between 3 November 2014 and 315 May
2015.

The results indicate that the highest number of off-Range triggered activity caused by local
activities was 1,121, at PEN_OSS8. These were mainly attributable to the close proximity of
the property to the West Wales railway line, confirmed by audio playback of the triggered
activities.

The lowest number of off-Range triggered activities which were caused by local activity was
11, at PEN_OS9.

The highest level measured at any off-Range location, which occurred as a result of
localised activity was 135.7 dB Lzpeak, which was measured at PEN_OS1 and was confirmed
to be attributable to local fireworks.

Fireworks were also responsible for the highest measured levels at PEN_0S4, PEN_0S7,
PEN_0OS8 and PEN_OS 10.

The highest vibration levels measured as a result of off-Range local activity ranged from
0.00034 mms™*at PEN_OS6 to 0.90 mms™, at PEN_0OS10.
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5.4

5.4.1

5.4.2

5.4.3

5.4.4

5.4.5

5.4.6

5.4.7

5.4.8

Meteorological Data

Meteorological monitoring data was collated at the following five monitoring locations during
the monitoring study:

1 PEN_R1, On-Range;

1 PEN_OS4, Laugharne;
1 PEN_OSS6, Ferryside;

1 PEN_OS7, Kidwelly; and
1 PEN_0OS10, Pendine.

The results of the meteorological monitoring data including wind speed (ms™), wind
direction, air temperature (°C), relative humidity (%), atmospheric pressure (mBar) and rain
rate (mm/h) for each of the five locations gathered during the monitoring study are
presented fully in Volume 3 -Technical Appendices i Results [5].

The results of the meteorological data collated at the On-Range location (PEN_R1) during
the monitoring study are summarised in Table B8 of Appendix B and discussed in the
following sub-sections.

Wind speeds measured On-Range during the Range Activities presented in this report were
found to average 3.7 ms? with maximum and minimum levels of 14.8 ms*and 0.2 ms™*
respectively.

The average air temperature measured on-Range during the Range Activities presented in
this report was 7.3°C with maximum and minimum levels of 14.7 °C and 0.9°C respectively.

The average relative humidity measured on-Range during the Range Activities presented
in this report was 83.9% with maximum and minimum levels of 100 % and 59.6 %
respectively.

The average rain rate measured on-Range during the Range Activities presented in this
report was 0.3 mm/h with maximum and minimum levels of 10.9 mm/h and 0.0 mm/h
respectively.

A review of the meteorological data presented in Volume 3 -Technical Appendices i
Results [5] indicates Range Activity data capture has occurred under a range of
meteorological conditions over a six month period, including conditions which are likely to
have enhanced sound pressure propagation over large distances.
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6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

CONCLUSIONS

The sound pressure level and vibration monitoring commenced in the vicinity of the Pendine
Range on 3rd November 2014 for a period of 6 months at 10 no. off-Range monitoring
locations. In addition, 2 no. on-Range monitoring systems were installed within the confines
of the MOD Pendine Land Range. The monitoring equipment was set-up with a
synchronised triggering system which enabled simultaneous triggering between the on-
Range and off-Range monitoring locations, allowing data capture at the off-Range
monitoring locations at the precise time of an activity at the Range.

Activity data capture has occurred under a range of meteorological conditions over a six
month period, including conditions which are likely to have enhanced sound pressure
propagation over large distances.

In total, 103 individual static and dynamic Range Activities were captured by the on-Range
monitors. Of these, the maximum number of activities captured at a single off-Range
location was 89, whilst the minimum was 66 at another.

Analytical and statistical functions were developed to analyse the recorded signals captured
to determine whether a causal link exists between activities occurring on-Range and the
signals captured at off-Range locations.

The study has tested and confirmeda 6 p r ocauaablihkebétween Range Activities and
measured effects at off-Range monitoring locations, for up to 79% of the triggered activities.

If those activitiesalsof al | i ng i nt o t Inkcatégpry aresiriclbdedetben gpdou s a |

91% (PEN_OS3) of the Range Activities would confirm a causal link at off-Range
monitoring locations.

The results of the study indicate, 96 % (N = 822) of the Range Activity data points captured
at off-Range monitoring locations remained below the adopted study threshold for
secondary vibration effects including ratting of objects of 120 dB Lzpeax.

Of the remaining 4% (N = 33), the highest measured sound pressure level at an off-Range
location which was attributable to a Range Activity was 134 dB Lzpeak. This falls below the
adopted study threshold to prevent glass and plaster damage of 140 dB Lzpeak.

There is no evidence of appreciable ground-borne vibration (propagation of vibration
through the ground) being received at any of the off-Range monitoring locations.

Vibration measured as a result of the coupling between the air overpressure and the ground
did not exceeded the ground-borne vibration thresholds adopted for this study for the on-
set of cosmetic damage at any off-Range locations.

Whilst not considered to be directly relevant in cases where vibration propagated through
the ground is minimal or absent, nor when building damage risk is the sole consideration,
the maximum level at any location also does not exceed the threshold of 134 dB Lzpeak

recommended by the USBM for bl astimagimumegi me

None of the measurements that relate to confirmed Range Activity at off-Range locations
exceeded the lower action value of 135 dB Lcpeak, Set out in The Control of Noise at Work
Regulations 2005.
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6.1.12 The magnitudes of sound / air overpressure and vibration resulting from the on-Range
Activities catalogued during the monitoring period are unlikely to have resulted in damage

to building structures at locations surrounding the Range when compared to the thresholds
derived and adopted for this study.

6.1.13 The Range Activities observed during the study period have been described by QinetiQ as
being representative of typical activities undertaken on the Pendine Range, relating to
scheduling, type, size and frequency of firing.

6.1.14 As such, based upon consideration of the data gathered and assessment thresholds
derived, the continuation of Range Activities under the same conditions of operation and
management by QinetiQ, would lead to the conclusion that any building damage as a result
of activities at the Pendine Range is improbable.
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APPENDIX A: FIGURES
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Note: Highest daily levels presented
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FIGURE A6: SUMMARY PPV VALUES, PEN_OS1, LAUGHARNE, 3RD NOVEMBER 201417 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE A7 : SUMMARY OF LZPEAK VALUES, PEN_OS2, LAU GHARNE, 3RD NOVEMBER 20147 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE A9 : SUMMARY PPV VALUES , PEN_0OS2, LAUGHARNE, 3RD NOVEMBER 2014 i 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE A10 : SUMMARY OF LZPEAK VALUES, PEN_OS3, LAU GHARNE, 3RD NOVEMBER 2014 TO 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE All : SUMMARY OF LCPEAK VALUES, PEN_OS3, LAU GHARNE, 3RD NOVEMBER 20147 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE A12 SUMMARY PPV VALUES, PEN_OS3, LAUGHARNE, 3RD NOVEMBER 2014 i 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE Al13 : SUMMARY OF LZPEAK VALUES, PEN_OS4, LAU GHARNE, 3RD NOVEMBER 2014 TO 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE Al4 : SUMMARY OF LCPEAK VALUES, PEN_0OS4, LAU GHARNE, 3RD NOVEMBER 20147 3RD MAY 2015

Note: Highest daily levels presented
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FIGURE A15 : SUMMARY PPV VALUES, PEN_OS4, LAUGHARNE, 3RD NOVEMBER 2014 7 3RD MAY 2015

Note: Highest daily levels presented



FIGURE Al16: SUMMARY OF LZPEAK VALUES, PEN_OS5, LLA NSTEPHAN, 3RD NOVEMBER 20147 3RD MAY 2015

Note: Highest daily levels presented



