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1.1.1  During agenda item 4.8 of the Hearing on 18 January 2017, the Applicant 
informed the panel that EURO VI buses were delivering real-world 
reductions in emissions.  This means that the commitment of TfL to use 
EURO VI or equivalent buses on routes passing through Silvertown Tunnel 
will deliver real improvements in air quality. 

1.1.2 TfL was asked to provide the evidence on which this statement was based.  
There are a number of sources that could be cited to support the Applicant’s 
statement,, but it is considered the most appropriate to cite is the report 
prepared by TfL in September 2015: On-service emissions performance of 
Euro 6/VI vehicles. (available at: http://content.tfl.gov.uk/in-service-
emissions-performance-of-euro-6vi-vehicles.pdf).  This report is appended to 
this Note. 

1.1.3 On page 3 of the report, last paragraph it is made clear that “Euro VI has 
been mandatory for all new heavy duty engines for HDVs and buses since 
January 2014.” 

1.1.4 On page 10, last paragraph, it states “initial testing by Transport for London 
(TfL), which has indicated a Euro VI bus to have 98 percent lower NOx 
emissions than Euro V (down from 9 g/km to 0.2 g/km). This indicates, 
significantly, that Euro VI engined buses and HGVs will have NOx emissions 
better than many Euro 5 diesel passenger cars.” 

1.1.5  On page 18, second paragraph, it states “TfL has now tested examples of 
heavy-duty buses (MLTB cycle) and heavy-duty goods vehicles (TfL 
Suburban Cycle) at Euro VI. In each case, the results have been impressive, 
with emissions of NOx significantly reduced from vehicles at Euro V. This is 
especially true at lower road speeds, which is clearly advantageous for 
urban and suburban areas.” 

1.1.6 During the Hearing the Panel also suggested that the Glossary for the 
updated Air Quality and Health Assessment (REP2-041) might be wrong in 
relation to buses. 
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1.1.7 It is understood by the Applicant that this may apply to the entry on page 15 

of that document, reproduced below: 

1.1.8 This entry is incomplete and should read: 

Euro 6/VI Vehicles Euro 6 applies to LDV standards 
while Euro VI applies to HDV 
standards.  (The term LDV 
covers cars and vans, while HDV 
covers lorries and buses.)  These 
standards came into force 
between 2013 and 2015 for the 
different classes of vehicle.  The 
EU Directive 715/2007/EC 
provides the definition of the 
standards. 
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1. Introduction 

1.1.1 This note explains the rationale and methodology behind additional air 
quality modelling that has been undertaken to demonstrate the scheme air 
quality impacts on the London Borough of Lewisham (LBL) and London 
Borough of Southwark (LBS) following concerns raised by the boroughs 
regarding potential impacts within their administrative boundaries as a result 
of the Scheme.  
 

2. Rationale for undertaking modelling in LBL and 
LBS 

2.1.1 At the Issue Specific Hearing (ISH) on air quality, representatives from LBL 
and LBS indicated that the local authorities were concerned that air quality 
modelling had not been undertaken in the respective boroughs as part of the 
work to inform the Environmental Statement (ES, AS-022) and Updated Air 
Quality Assessment (REP2-041). LBL and LBS stated that it was not 
possible to take a view on the Scheme impacts as the air quality impacts in 
the boroughs were unknown due to a lack of air quality modelling. 

2.1.2 The Applicant explained that the assessment had been undertaken in 
accordance with the appropriate guidance, namely the Design Manual for 
Roads and Bridges (DMRB), the traffic change criteria advocated by this 
guidance was used to define the air quality study area.  No roads within LBL 
and LBS met the criteria for assessment. Therefore, following the DMRB 
guidance, there was no requirement to undertake an air quality assessment 
within these boroughs. 

2.1.3 LBL and LBS stated that there is potential for significant effects close to 
roads that do not meet the traffic change criteria of +1000 AADT/+200 HDV.  

2.1.4 As a result of the concerns, the applicant has undertaken additional air 
quality sensitivity modelling to predict the impacts at a sample set of 
receptors along those roads in LBL and LBS with the highest changes in 
flows as a result of the Scheme.  

3. Air Quality Methodology 

3.1.1 The methodology of the air quality modelling is explained in full in the 
Environmental Statement (AS-022). For clarity it should be noted that the 
results presented in this note were calculated using model configurations 
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(i.e. model parameters and air quality tools used) identical to those used to 
inform the ’Updated Air Quality and Health Assessment’ (REP2-041) 
submitted to the Examining Authority at Deadline 2. 

3.1.2 As stated in section 2 of this document, the decision was made to model the 
impact of the Scheme at a sample set of receptors in LBL and LBS; 
specifically adjacent to those roads with the highest increases in traffic flows. 

3.1.3 LBL and LBS had previously stated that the areas of most concern were the 
A200 Lower Road/Evelyn Street corridor linking Rotherhithe and Deptford. 
The range in AADT increase on this road was between 500-975. 
Additionally, the B207 Trundleys Road/Sandford Street running between 
Surrey Quays and New Cross is expected to be subject to AADT increase 
between 500-950. Therefore, the modelling was centred around these 
receptors as they were located immediately adjacent to those roads with the 
largest increases in flow in the respective boroughs.  

3.1.4 It should be noted that the largest increase in HDV flow on A200 Lower 
Road was a total of 75 vehicles, which is well below the DMRB criteria of 
200 HDV. On the B207 the largest increase in HDV flow was a total of seven 
vehicles. These increases are well below the DMRB criterion for 
assessment, which along with the AADT changes being less than 1000 
vehicles per day, is why these roads were not included in the assessment 
presented in the ES (AS-022) and the Updated Air Quality and Health 
Assessment (REP2-041). 
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3.1.5 Figure 1 highlights the location of these roads and the location of the chosen 
receptors. This study area is within the borough-wide AQMAs in LBL and 
LBS. A number of the modelled receptors are located within two Air Quality 
Focus Areas (AQFAs) (No.45 and No.187).  

3.1.6 A total of 500 receptors were modelled, these receptors were deliberately 
chosen at those properties closest to the roads in question. These receptors 
were typically located within 5-10m of the kerb, and in some case closer.  

3.1.7 As with the rest of the air quality modelling on the Silvertown Tunnel project, 
the air quality results were generated using ADMS-Roads (v4.0.1.0) 
dispersion modelling software.  

3.1.8 As the modelled area was outside of that the study area assessed in the ES 
and Updated Air Quality Assessment, a locally derived road-NOx verification 
factor of 2.57 was used. This was calculated using the concentrations 

             

N 
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measured at automatic and passive monitoring locations operated by the 
boroughs. 

4. Air Quality Impacts 

4.1.1 The air quality modelling in LBL and LBS demonstrated that in 2021, NO2 
impacts are imperceptible (i.e. a change of 0.4 µg/m3 or less, in accordance 
with IAN174/13) at those modelled locations along the A200/B207. Table 1 
below shows the magnitude of change in annual mean NO2 at three 
receptors where the increase in concentration was greatest i.e. 0.4µg/m³. 
These were the three receptors out of the 500 modelled that were predicted 
to increase the most; the change at the remainder of the receptors was 
=<0.3 µg/m3. 

Table 1 - Magnitude of change in annual mean NO2 at modelled receptors in LBL & 
LBS 

Location Distance 
to kerb (m) Borough In AQFA? 

Increase in 
Traffic 
(AADT) 

Ref Case 
2021 NO2 
(µg/m3) 

Assessed 
Case 2021 

NO2 
(µg/m3) 

Change in 
NO2 

(µg/m3) 
B207 

Trundley’s 
Road 

3.8 LBS No 790 31.1 31.5 +0.4 

B207 
Sandford 

Street 
5.7 LBL No 950 34.2 34.6 +0.4 

A200 Lower 
Road 4.0 LBL AQFA 187 975 36.6 37.0 +0.4 

4.1.2 The increases of 0.4 µg/m3 are located at receptors within six metres of the 
kerb and downwind of the prevailing wind direction. One is located on A200 
Lower Road, and two are located along the B207 Trundley’s Road/Sandford 
Street. The respective increase in AADT at these locations is 975 on the 
A200, and 950 on the B207. It should be reiterated that these two roads are 
subject to the greatest increases in AADT in LBS and LBL respectively. 

4.1.3 Of the 500 modelled receptors, a total of 29 were found to be in exceedence 
of the annual mean AQS objective of 40 µg/m3 for NO2. These were primarily 
located adjacent to A200 Lower Road. The maximum increase at any of the 
receptors in exceedence of the AQS objective for annual mean NO2 was 0.3 
µg/m3. 

4.1.4 It should be stated that the current assumed year of opening is 2023, 
therefore total concentrations will be lower than the 2021 concentrations 
reported in this note. 

4.1.5 The results of the additional air quality modelling show that the impacts at 
those receptors closest to the roads with the highest change in AADT in LBL 
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and LBS is classified as ‘imperceptible’ in the context of IAN 174/13.   This 
supports the use of the DMRB screening criteria as appropriate and 
demonstrates why it is not necessary to consider smaller changes in traffic 
flows.  Consideration of smaller changes would not impact on the conclusion 
of the assessment that the scheme does not lead to a significant impact on 
air quality.  
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, 

Introduction 

1. This memorandum describes the procedures for calculating noise from road traffic. 
These procedures are necessary to enable entitlement under the Noise Insulation 
Regulations to be determined but they also provide guidance appropriate to the 
calculation of traffic noise for more general applications e.g. environmental appraisal of 
road schemes, highway design and land use planning. 

2. The method of calculation contained in this memorandum replaces the previous 
method first published in 1975. The revision was carried out by the Transport and Road 
Research Laboratory and the Department of Transport. The new method retains a 
great deal of the previous method including the philosophy of approach and most of the 
formulation but includes the results of recent research which extend the method to 
cover a wider range of applications. The presentation has also been changed to help to 
clarify some of the procedures to be adopted and to indicate the way the method is used 
in practice. 

3. The memorandum is divided into three sections. In Section I, a general method of 
calculation is set out, step by step, for predicting noise levels at a distance from a 
highway, taking into account different traffic parameters, intervening ground cover, 
road configuration and site layout. Section I1 provides additional procedures that may 
need to be considered when applying the method given in Section I to specific situations 
e.g. road junctions. In deriving this prediction method, account has been taken of 
existing prediction methods together with additional published and unpublished data. 
The aim has been to permit prediction in as many cases as possible covering both free 
and non-free flowing traffic. Prediction will constitute the preferred calculation 
technique but in a small number of cases (see para 38) traffic conditions may fall outside 
the scope of the prediction method and it  will then be necessary to resort to 
measurement. In Section 111 the procedure and requirements to be met during such 
measurements are detailed, together with details of a simplified measurement 
procedure which is acceptable in certain circumstances. Examples of the application of 
the procedures are given in Annexes 1-18. 

Definition and interpretation 

4. The procedures assume typical traffic and noise propagation conditions which are 
consistent with moderately adverse wind velocities and directions during the specified 
periods (see para 39.2). All noise levels are expressed in terms of the index Llo hourly or 
Ll0 (18-hour) dB(A). The value of L10 hourly dB(A) is the noise level exceeded for just 
10% of the time over a period of one hour. The L ~ o  (18-hour) dB(A) is the arithmetic 
average of the values of L10 hourly dB(A) for each of the eighteen one-hour periods 
between 0600 to 2400 hours. The source of traffic noise (the source line) is taken to be a 
line 0.5 metres above the carriageway level and 3.5 metres in from the nearside 
carriageway edge*. 

~~ ~~ ~ 

* The edge of the carriageway is the edge of the traffic lanes excluding bus lay-bys, hard shoulders and hard 
strips. 

- . -  

2 



5. The charts which form part of the memorandum include, where appropriate, a 
formula which is definitive over the quoted range of validity. While extrapolation 
outside these ranges can lead to progressive and significant error, calculations can be 
extended outside the quoted ranges for the purpose of assessing changes in noise levels, 
e.g. environmental appraisal of road schemes at distances greater than 300 metres from 
a road, and generally for situations where reduced accuracy in predicting absolute levels 
can be accepted. Care should be taken when interpreting noise level predictions which 
are close to the noise levels expected from non-traffic sources; the formulae given in the 
memorandum do not take account of extraneous noise sources. Site noise levels which 
are affected by noise from, eg trains, aircraft, industrial plant, general background 
sources etc, will tend to be under-estimated by the prediction method. In these 
circumstances and where overall site noise levels are required, recourse to the 
measurement method is advised. 

Requirements for use with the Noise Insulation Regulation?; 

6. When applying the memorandum for the purposes of calculating entitlement for 
noise insulation treatment under the Noise Insulation Regulations (see Annex 1) three 
conditions have to be tested: 

(i) the combined expected maximum traffic noise level, i.e. the relevant noise level, 
from the new or altered highway together with other traffic in the vicinity must not be 
less than the specified noise level (68 dB(A) Ll0 (18-hour)); 

(ii) the relevant noise level is at least 1.0 dB(A) more than the prevailing noise level, i.e. 
the total traffic noise level existing before the works to construct or improve the 
highway were begun; 

(iii) the contribution to the increase in the relevant noise level from the new or altered 
highway must be at least 1.0 dB(A). 

7. The calculations shall be worked to 0.1 dB(A)*, keeping within the quoted range of 
validity of the charts or formulae, and these values used to determine whether the 
requirements under paras 6(ii) and 6(iii) are met. For comparison with the specified 
noise level, para 6(i), the relevant noise level from traffic expected to use any highway is 
to be rounded to the nearest whole number (0.5 being rounded up) (see Annex 1). 

8. Noise shall be assessed at a reception point located 1 metre in front of the most 
exposed part of an external window or door of an eligible room. 

9. The traffic flow to be used in the calculation shall be the maximum expected between 
06.00 hours and 24.00 hours on a normal working day within a period of 15 years after 
opening to traffic. The estimate will normally be based upon the Annual Average 
Weekday Traffic (AAWT)** obtained for the base year and the traffic flow growth 
forecasts given in Charts 16 a-b. However, where particular local conditions indicate 
growth forecasts significantly different from these or where unusual traffic patterns 
exist then the local data are to be applied. 

* Each step (involving a separate chart or formula) shall be rounded to the nearest 0.1 dB(A) (exact values of 
0.05 dB(A) being rounded in such a direction that the overall predicted noise level is highest). This should 
ensure that different calculation processes give the same result and marginal rounding variations are avoided. 

* *  Traffic Appraisal Manual - Department of Transport. 



Section I - The prediction 
method (general 
procedures) 

10. The method of predicting noise at a reception point from a road scheme consists of 
five main parts: 

(i) divide the road scheme into one or more segments such that the variation of noise 
within the segment is small (para 11 refers); 

(ii) calculate the basic noise level at a reference dist'ance of 10 m away from the nearside 
carriageway edge for each segment (paras 12-16 refer); 

(iii) assess for each segment the noise level at the reception point taking into account 
distance attenuation and screening of the source line (paras 17-24 refer); 

(iv) correct the noise level at the reception point to take into account site layout features 
including reflections from buildings and facades, and the size of the source segment 
(paras 25-28 refer); 

(v) combine the contributions from all segments to give the predicted noise level at the 
reception point for the whole road scheme (para 29 refers). 

The above steps in the procedures are described in detail below and are shown 
diagrammatically in Chart 1. 

Dividing the road scheme into segments 

11. In practice, situations will be encountered where, due to changes in traffic 
variables, road gradient and curvature or due to progressive variation in screening, the 
generated noise varies significantly along the length of the road. In such cases the road is 
initially divided into a small number of separate segments so that within any one 
segment the noise level variation is less than 2 dB(A). Each segment is then treated as a 
separate road source and the noise contribution evaluated according to the method 
given below. Whilst it is not possible to give precise guidance on the procedure to adopt 
to determine segment boundaries for all road schemes the Annexes contain several 
examples of calculations on complex road schemes with multi-segment solutions which 
serve to illustrate the basic principles to be adopted. 

Calculating the basic noise level for a road segment 

12. The basic noise level at a reference distance of 10 m away from the nearside 
carriageway edge* is obtained from the traffic flow, the speed of the traffic, the 
composition of the traffic, the gradient of the road and the road surface. On any given 
road the traffic flow, mean speed and composition are interdependent; for example, 
increasing the traffic flow may cause a reduction in the mean speed so that the net 
increase in noise level may be comparatively small. Similar effects are observed with 
changes in composition. When estimating noise levels for projected road schemes, the 
values adopted for the traffic parameters should be compatible. When dealing with 
existing roads it may sometimes be desirable to make observations of these traffic 
parameters. 

~ ~~ 

* The choice of reference point or distance is arbitrary and other reference distances could be used by 
changing the numerical values of constants appearing in certain of the predictions. 

4 r 



13. Traffic flow 
13.1 On normal roads the flow of traffic in both directions shall be aggregated to obtain 
the total flow. But in cases where the two carriageways are separated by more than 5 
metres or where the heights of the outer edges of the two carriageways differ by more 
than 1 metre, the noise level produced by each of the two carriageways shall be 
evaluated separately and then combined using Chart 21. In the case of the far 
carriageway the source line will be assumed to be 3.5 metres in from the far kerb and the 
effective edge of the carriageway used in the distance correction is 3.5 metres nearer 
than this, i.e. 7 metres in from the edge of the farside carriageway (see Annex 2). 

13.2 Chart 2 gives the basic noise level hourly Llo  in dB(A) for a given hourly traffic flow 
(9) at a mean speed of 75 km/h, with zero percentage of heavy vehicles (p), and zero 
gradient (G). Chart 3 gives the basic noise level Llo (18-hour)* in dB(A) for given traffic 
flows (Q) at a mean speed of 75 km/h, with zero percentage of heavy vehicles and zero 
gradient. 

NB where hourly traffic flows are available the value of Llo (18-hour) should be 
determined using Chart 2 to obtain the eighteen, one-hour, Ll0 values over the 
prescribed period. Where 18-hour traffic flows only are available then Chart 3 applies. 

13.3 When calculating noise levels from roads where the flow is low, i.e. below 200 
veh/h or 4000 veh/l&hour day an additional correction may be required. Section 11 para 
30 gives the procedure to be adopted to determine the correction for road schemes 
containing low traffic flows. 

14. Percentage heavy vehicles and traffic speed 
The correction for percentage heavy vehicles (p) and traffic speed (V) is determined 
using Chart 4. 

14.1 The value of p is given by 

lOOF or - 1 OOf 
P = q  Q 

depending on whether the correction applies to hourly Llo dB(A) or Llo (18-hour) 
dB(A) respectively, 

f and F are the hourly and 18-hour flows of heavy vehicles respectively, ie all vehicles 
with an unladen weight exceeding 1525 kg, 

q and Q are the hourly and 18-hour flows respectively of all light and heavy vehicles. 
(NB Where motorcycle and moped flows are known then they should be included in the 
light vehicle group). 

* Census data collected on a 16-hour day basis may be converted to 18-hour flows by the addition of 5 percent. 

_ -  
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14.2 The value of V to be used in Chart 4 depends upon whether the road is level or on a 
gradient. For fevef roads the traffic speed to be used in the calculation is as set out below 
for the appropriate class of road (for exceptions see para 14.4). 

~ ~ 

Road classification 

Roads not subject to a speed limit of less than 60 mph 
Special roads (rural) excluding slip roads 
Special roads (urban) excluding slip roads 
All-purpose dual carriageways excluding slip roads 
Single carriageways, more than 9 metres wide 
Single carriageways, 9 metres wide or less 
(Slip roads are to be estimated individually) 

Roads subject to a speed limit of 50 mph 
Dual carriageways 
Single carriageways 

Roads subject to a speed limit of less than 50 mph but more than 
30 mph 
Dual carriageways 
Single carriageways 

Roads subject to a speed limit of 30 mph or less 
All carriageways 

Traffic 
speed 

108 km/h 
97 km/h 
97 km/h 
88 km/h 
81 km/h 

80 km/h 
70 km/h 

60 km/h 
50 km/h 

50 km/h 

14.3 For roads with a gradient traffic speeds will be reduced from the values given above 
for level roads (for exceptions see para 14.4 below). The reduction in traffic speed (AV) 
depends upon the percentage gradient (G) and the percentage heavy vehicles (p) 
according to the formula given on Chart 5. The value of traffic speed to be used in Chart 
4 for roads with a gradient is obtained by determining the appropriate traffic speed from 
the road classification table and reducing this value by the amount AV (see Annex 3). 
In the case where carriageways are treated separately or for one way traffic schemes the 
speed correction should not be applied to the downward flow. 

14.4The traffic speed values obtained under paras 14.2 and 14.3 do not apply when data 
based 0:: particular local conditions (including the criteria for speed limits) indicate a 
traffic speed significantly different from the prescribed mean speed for the type of road. 
In these cases the highway authority’s estimate or measurement of speed based on a 
representative sample shall be used. 

15. Gradient 
Chart 6 provides the adjustment for the extra noise from traffic on a gradient (G) 
expressed as a percentage. It should be noted that corrections for traffic speed on a 
gradient have already been taken into account under paragraph 14. In the case of 
carriageways treated separately (see para 13.1) or one-way traffic schemes, the 
correction to the basic noise level applies only for the upward flow. (In the case of 
one-way traffic schemes where the flow is downhill and the gradient exceeds 10 per cent 
it may be appropriate to use the measurement method). 

6 
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16. Road surface 
The correction for road surface depends upon a number of factors, eg. the amount of 
texture on the road surface, whether this texture is random distributed chipping (as in 
bituminous surfaces) or transversely aligned (as for concrete surfaces) and, for 
bituminous surfaces, whether they are essentially impervious to surface water or have 
an open structure with rapid drainage qualities. 

For roads which are impervious to surface water and where the traffic speed (V) used in 
Chart 4 is 2 75 km/h the following correction to the basic noise level is required; 

for concrete surfaces 

Correction = 10 LoglO (90 TD + 30) - 20 dB(A); 

for bituminous surfaces 

Correction = 10 Log,,, (20 TD + 60) - 20 dB(A); 

where TD is the .texture depth*. 

For road surfaces and traffic conditions which do not conform to these requirements a 
separate correction to the basic noise level is required. 

16.1 Impervious road surfaces 
For impervious bituminous and concrete road surfaces, 1 dB(A) should be subtracted 
from the basic noise level when the traffic speed (V) used in Chart 4 is < 75 km/h. 

16.2 Pervious road surfaces 
Roads surfaced with pervious macadams have different acoustic properties from the 
surfaces described above. For roads surfaced with these materials 3.5 dB(A) should be 
subtracted from the basic noise level for all traffic speeds. 

Propagation 

17. The level obtained by applying paragraphs 12-16 is the basic noise level for a 
specific road segment. Further corrections are now needed to take into account, as 
appropriate, the effects of distance from the source line, the nature of the ground 
surface, and screening from any intervening obstacles. At this stage no account needs to 
be taken of the size of the road segment in relation to the total road length or of the 
effects of reflections from nearby buildings and other site layout features etc. The 
method of calculating the effects of propagation and screening can generally be broken 
down into separate parts - (see Chart 1). 

(i) Calculate the correction for distance disregarding the presence of ground or 
intervening obstacles. 

(ii) Decide whether the road segment is obstructed or unobstructed. 

(iii) For unobstructed road segments calculate the effect of absorbing ground where 
necessary. For obstructed road segments apply a screening correction. 

Details of the calculation process are given in the following paragraphs (18-24). 
- 

* Texture depth (TD) measured by the sand-patch test 
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18. Distance correction 
For reception points located at distances greater than or equal to 4 metres from the edge 
of the nearside carriageway, the distance correction given in Chart 7 is to be applied to 
the basic noise level. For distances less than 4 metres from the carriageway edge, the 
distance correction should be determined assuming the reception point is located at 4 
metres from the nearside carriageway edge and Chart 7 applied. For the purposes of the 
Noise Insulation Regulations, the measurement method should be used when the 
predicted level at distances less than 4 metres is within 3 dB(A) of the specified level. 
The distance correction is calculated along the shortest slant distance signified (d’) from 
the source line to the reception point. This value is determined from the shortest 
horizontal distance (d) from the edge of the nearside carriageway to the reception point 
and the height (h) of the reception point relative to the source line at the point where the 
slant line intersects the source line at the effective source position, S, (see Fig 1). For 
some segments it may be necessary to extend the source line so that d’ is calculated 
along the line which passes through the reception point and is perpendicular to the 
extended source line. In such cases, the value of h is the height of the reception point 
relative to the source line at the effective source position where the slant line intersects 
the extended source line (see Annex 4). 

18.1 Extending the source line as described above may exceptionally cause it to pass 
directly through or within 7.5 metres of the reception point, thereby precluding the use 
of Chart 7 since the reception point would then be less than 4 metres from the 
carriageway edge. In such cases, the noise level is to be calculated for at least two 
positions located nearby and either side of the reception point for which this anomaly 
does not occur and the mean value adopted (see Annex 5 ) .  

19. Unobstructed propagation 
Having applied the distance correction it is necessary to decide whether the source line 
of the road segment is obstructed or unobstructed. In general, road segments will have 
been chosen such that within any segment the source line is either clearly obstructed or 
unobstructed in order to comply with the basic rules regarding segmentation - see 
paragraph 11. In some cases, however, the source line may be partially obscured by 
intervening obstacles or the degree of screening may be slight. For these cases, it is 
necessary to calculate the noise levels assuming both unobstructed and obstructed 
propagation taking the lower of the two resulting levels (see para 22.3). For 
unobstructed propagation a correction for the prevailing ground cover shall be applied. 

20. Ground cover correction 
If the ground surface between the edge of the nearside carriageway of the road or road 
segment and the reception point is totally or partially of an absorbent nature, (eg grass 
land, cultivated fields or plantations) an additional correction for ground cover often 
referred to as ground absorption needs to be taken into account. The correction is 
progressive with distance and particularly affects reception points close to the ground. 
Chart 8 gives the correction for ground absorption in terms of the mean height of 
propagation (H) the distance (d) and the proportion of absorbing ground (I) between 
the edge of the nearside carriageway and the segmeat boundaries leading to the 
reception point R, see fig 2(a). To avoid the difficulty of defining adequately the many 
other more absorbent types of ground cover, the correction shown in Chart 8 is to be 
used for all predominantly absorbent surfaces. Thus the calculations will slightly 
underestimate attenuation effects, particularly where the intervening ground is 
intensively cultivated or planted. 
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Figure 1. ILLUSTRATION OF SHORTEST SLANT DISTANCE d' 
FOR A RECEPTION POINT R AT A HORIZONTAL DISTANCE 
(d+3.5) AND A RELATIVE HEIGHT h FROM THE EFFECTIVE 
SOURCE POSITION S 

\ .-Reception point 

Shortest slant distance 

/ 
/ 

/ 
/ 

/ 

Edge of nearside 

/-Effective source line 

/ 
/ 

2 %  
d' = [h2+ (d+3.5) 3 
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20.1 Where the intervening ground cover is non-absorbent eg paved areas, rolled 
asphalt surfaces, water, the value of I is zero and no ground cover correction is applied. 

~ 

% of absorbent ground 
cover within the segment* 

< 10 
10 - 39 
40 - 59 
60 - 89 

290  

20.2 Where the intervening ground cover is absorbent the correction given in Chart 8 is 
to be applied where the value of I = 1. The value of H is taken to be the average height 
above the intervening ground of the propagation path between the segment source line 
and the reception point. It is to be calculated along the bisector of the angle subtended 
by the segment source line at the reception point. Where the intervening ground is 
mainly flat, the value of H can be approximated by 0.5(h+l) metres, otherwise the 
value of H is calculated by taking the height of propagation above the ground at 
approximately equal intervals along the bisector, taking at least five height readings, 
and averaging the result (see Annexes 6 and 7). It should be noted that for values of H> 
(d+5)/6 metres no ground cover correction is required. In exceptional circumstances 
when values of HS0.75 metres, H may be set equal to 0.75 metres and Chart 8 applied. 

~ 

value of I to 
be used with Chart 8 

O* * 
0.25 
0.5 
0.75 
1.0 

20.3 Where the intervening ground cover is partially of an absorbent nature further 
segmenting to separate areas where the ground cover can be defined as either absorbent 
or non-absorbent should be carried out, so that the 2 dB(A) variation within a segment 
is not reached (see para 11). The relevant ground cover correction paras 20.1 and 20.2 
should then be applied. 

20.4 In certain cases, where the intervening ground cover is a mixture of absorbent and 
non-absorbent areas the procedure outlined in para 20.3 may not be able to separate the 
areas into well defined ground cover types. For these cases the ground cover correction 
should be calculated in accordance with para 20.2 but with a value of I as shown below. 

* the road surface should be ignored when calculating the area within the 

**no correction required 
segment 

For large segment areas the value of I can be determined by considering the ground 
cover contained within an area of 10d2 sq metres between the reception point and the 
edge of the nearside carriageway, see Fig 2(b). The area extends 5d metres either side of 
the shortest horizontal distance (d) from the edge of the nearside carriageway, and is 
contained within the rectangle Z1 Z2 Z5 Z7. For the segment with angle 01, the area to be 
considered for calculating the value of I is contained within the boundary R Z1 Z2 Z3. 
Similarly for segments with angles 02 ,  O3 and 04, the ground cover within the areas R Z3 
Z4, R Z4 Z5 2 6  and R 2 6  2 7  respectively are used when calculating the value of I. In 
order to facilitate the calculation, areas of absorbent and non-absorbent ground can 
often by approximated by regular shapes whose area can be easily determined. 

10 



Fig.2 SITE GEOMETRY IN RELATION TO DETERMINING THE GROUND 
COVER CORRECTION USING CHART 8 

2 ( a )  For a simple road segment R Z, 2, 

- - 4 U L, r, - Source line-q- - - 
\ 

'\ \ SI \ 
\ 

(i) The value of H (average height of propagation) is calculated along the line RO which bisects the segment angle 8 
(ii) The area of ground cover to be considered when evaluating I is contained within the area defined by R Z, Z, 

(iii) The value of d is calculated along the shortest horizontal distance between the reception point R and the extended 
edge of the nearside carriageway (RS,). 

2 (b) For large segment areas. 

4 5d 

- VI- 5d 
14 

-- - Source line - -r- 
/ , 

- v - - - - - 
I 
I 
I 
I 
I 

I 
Frlno nf I / / I 

R 
Reception point 

(i) For segment with angle 8, : the ground cover area is R Z, Z, Z,. 

(ii) For segment with angle 8, : the ground cover area is R Z, Z,. 

(iii) For segment with angle 8, : the ground cover area is R Z, Z, Z,. 

(iv) For segment with angle 8, : the ground cover area is R Z, Z,. 
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20.5 In most cases when predicting for reception points 4 metres or more above 
ground, the presence of low walls, fences etc. may be ignored; below 4 metres screening 
effects such as reasonably continuous walls and other permanent features should be 
taken into account (but see also para 22.3). 

20.6 Where the ground falls steeply away from the road, the screening effect of the 
road structure may also need to be taken into account by treating the edge of the 
structure as a barrier (see Annex 7). 

21. Obstructed propagation 
The screening effect of intervening obstructions such as buildings, walls, purpose-built 
noise barriers etc* needs to be taken into account. The degree of screening depends on 
the relative positions of the effective source position S, the reception point R and the 
point B where the diffracting edge along the top of the obstruction cuts the vertical 
plane, i.e. normal to the road surface, containing both S and R, see Fig3(a). The region 
between the obstruction and the reception point is divided into the illuminated zone and 
shadow zone by the extended line SB, shown dotted in Fig 3(a). 
The degree of screening is calculated from the path difference of the diffracted ray path 
SBR and the direct ray path SR. Figs 3(b) and 3(c) show the calculation of the path 
difference depending on whether the reception point is in the illuminated zone or the 
shadow zone respectively. The path difference is used in Chart 9 to calculate the 
potential barrier correction (A). 
This correction is applied to the basic noise level corrected for distance according to the 
procedure given in para 18. 

21.1 For the purposes of the Noise Insulation Regulations, it is required to calculate the 
path difference to the nearest 0.001 metres but the relative heights and horizontal 
distances need only be estimated to the nearest 0.1 metres. 
Chart 9a gives the polynomial expression for the value of A for both zones and should 
be used when calculating noise levels to the nearest 0.1 dB(A) (see para 7). However, 
Chart 9b may be used to estimate the value of A by rounding the value of the path 
difference ( 6 )  to the nearest 0.01 metres and reading the value of A from the table. 
Generally this will provide values of A equal to or within 0.1 dB(A) of the value 
obtained using the polynomial expression. However, where adjacent values of A in the 
table differ by more than 0.1 dB(A) the polynomial expression should be used. 

21.2 The above procedure applies to all types of obstructions in calculating the 
potential barrier correction. The following paragraphs (22-24) deal with various types 
of obstructions and to the specific procedures to adopt when calculating the potential 
barrier correction (A). 

* Hedges, bill hoardings etc should be regarded as temporary structures and their screening effect ignored. 
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Figure 3. SITE GEOMETRY TO EVALUATE THE PATH DIFFERENCE (6) 
FOR OBSTRUCTED PROPAGATION 

Ill um i na ted 
zone 

Diffracting edge 

Edge of nearside carriageway 

Shadow 
zone 

Path difference (6) = SB+BR-SR 

= SB+BR-d’ 

Source 
line 

Illuminated zone 

’c 3(c) SHADOW ZONE 
/ 

3(b) ILLUMINATED ZONE 
/ 

/ 
/ / 

/ 
/ Shadow 

zone / 
/ 

/ 
/ 

/ 

d+3.5 
d+3.5 - 

Path difference (6) = SB+BR-d’ Path difference(6) = SB+BR-d’ 

N.B. Path difference is calculated in the vertical plane,normal to the road surface, 
containing both R and S 
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22. Barriers 
Where a barrier is interposed between the noise source and reception point (either a 
purpose-built barrier or obstruction due to the site layout, buildings etc.) the additional 
correction shall be calculated using Chart 9* as outlined in para 21 and applied to the 
basic noise level corrected for distance according to the procedure given in para 18. The 
potential barrier correction is calculated in the same plane ie. normal to the road 
surface, as the distance correction (see Annex 8). 

22.1 If the barrier is parallel to the source line but screens only part of a road segment 
then the barrier and the source line contained within the segment may need to be 
extended to enable the potential barrier correction to be calculated in the same plane, 
ie. normal to the road surface, as the distance correction (see Annex 9). 

22.2 If the barrier is not parallel to the source line then the potential barrier correction 
will vary along the length of the barrier and it may be necessary to divide the barrier into 
a number of smaller segments. The number of segments required to calculate the 
screening of the barrier should be limited such that the variation in the potential barrier 
correction within each segment is less than 2dB(A). The potential barrier correction for 
each barrier segment is then determined by rotating the barrier segment about the point 
where the line bisecting the segment angle intersects the top edge of the barrier, so that 
the top edge of the barrier is parallel to the source line contained within the segment and 
then extended if necessary and Chart 9 applied (see Fig 4). An example of this 
procedure is given in Annex 10. 

22.3 The additional attenuation referred to as ground absorption, para 20, is ignored 
when calculating the effects of barriers since the near ground rays are obstructed. 
However, under certain conditions (eg with low barriers erected on grassland) it is 
possible for these ground absorption effects to exceed the calculated screening provided 
by the barrier. The barrier will not raise the noise level in the screened zone, and in 
these circumstances the noise levels with and without the barrier should be calculated 
and the lower of the noise levels used (see Annexes 7 and 8). 

22.4 Where more than a single barrier is interposed between the source line and the 
reception point a more complex procedure is required to calculate the potential barrier 
correction. The procedure is included in Section I1 para 35 (see Annex 11). 

23. Safety fences 
It has been shown that conventional low safety fences of double corrugated beam 
construction and with a relatively small gap to the ground (mounting height of centre of 
beam above adjoining carriageway surface of not more than 610 mm) have broadly the 
same effect as noise barriers whose height is equal to the width of the solid portion of the 
safety fence, although the overall screening is slight. Other safety barriers of smaller 
cross-section, e.g. rolled hollow beams, chains, wire rope etc, or with larger gaps to the 
ground are to be ignored in the calculation. Since the screening effect is likely to be 
slight, it may be necessary to adopt the procedure given in paragraph 22.3 particularly 
when the ground cover is predominantly absorbent (see Annex 8). 

~~ ~~ 

* Chart 9 gives the correction due to a massive barrier. The minimum superficial mass m (ie the mass per unit 
area) required to approximate this condition varies with the value of potential barrier correction (A) and for a 
solid barrier can be estimated from the formula m = 3 x Antilog,,, [ -  (A + 10)/14] kg/m2. I t  should be noted 
that the value of A, as derived from Chart 9, will always be negative. 
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Figure 4 EVALUATING THE PATH DIFFERENCE ( 6 )  FOR BARRIERS NOT 
PARALLEL TO THE SOURCE LINE. 

/' Source line 

I 
I 
I 
I 
I 

Effective 
source 

I 

carriageway 

\ 
\ 
\ 

The barrier subtends an angle 8 at the reception point R and is not parallel to the source line. 
The line bisecting the angle 8 cuts the top edge of the barrier, 2, Z 2  at 0. Draw a line from 0 
parallel to the source line to meet the vertical plane* which passes through the reception point R 
and the effective source position S at B. The potential barrier correction (A) is calulated from Chart 9 
where the path difference (6)= SB + BR - SR 

'i.e. normal to the road surface 
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24. Buildings 
To evaluate shielding due to an intervening building*, the effective height and position 
of the equivalent barrier shoud be determined geometrically, being defined by the 
intersection of two straight lines both just grazing the top edges of the building in 
question, one drawn from the reception point, the other drawn from the effective 
source position (see Annex 12). For equivalent barriers parallel to the source line the 
procedure given in para 22.1 applies, whereas for equivalent barriers not parallel to the 
source line the procedure given in para 22.2 applies. 

Site layout 

25. Having corrected the basic noise level from a road segment for propagation it  is 
necessary to consider the effects of certain site layout features. Included in this part of 
the calculation are the effects of reflections from buildings and other hard rigid surfaces, 
propagation down side roads and corrections for the size of the segment. Situations 
where both screening and reflection effects combine, e.g. with retained cuts and dual 
noise barriers, require more complex correction procedures. These procedures are 
included in Section I1 para 36. 

26. Reflection effects 
Reflection of noise from hard rigid surfaces adjacent to the source or in the 
neighbourhood of the reception point increases the noise level compared with that 
calculated under the above procedures, which give the free-field noise level. The 
‘free-field’ noise level is appropriate where the  site is open and clear and the reception 
point is away from other facades. 

26.1 Facade effect 
To calculate noise 1 metre in front of a facade, a correction of +2.5 dB(A) is to be made. 
(Other noise calculations along side roads lined with houses but away from the facade 
still require the same addition of the 2.5 dB(A) because of the proximity of facades, see 
para 27). 

26.2 Reflection f rom opposite facades 
Where there are houses, other substantial buildings or a noise fence or wall beyond the 
traffic stream along the opposite side of the road, a correction for reflection from the 
opposite facade facing the reception point is required. The correction only applies 
where the height of the reflecting surface is at least 1.5 metres above the road surface. 

The correction for reflection from opposite facades is +1.5(8’/8) dB(A) 
where 8’ is the sum of the angles subtended by all the reflecting facades on the opposite 
side of the road facing the reception point, and 8 is the total angle subtended by the 
source line at the reception point (see Fig 5) .  The above correction is required in 
addition to the +2.5 dB(A) facade correction described in para 26.1. For calculating the 
reflection correction for a reasonably uniform row of houses on the opposite side of the 
road see para 34.2. 

* The evaluation must normally be on the basis of the built form ;IS it exists, but foreseeable changes may be 
taken in to account, eg where demolition without replacement i s  a firm intention for the near future. 
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Figure 5 .  CALCULATING THE REFLECTION CORRECTION FOR FACADES 

TRAFFIC STREAM 
FACING THE RECEPTION POINT ON THE FAR-SIDE OF THE 

Buildings 

Reception point ' 
R 

REFLECTION CORRECTION = 

where e'= 
and 8 = 

+ 1.5 (l) dB(A) 

e, + e2+ e,+e, 
TOTAL SEGMENT ANGLE 
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27. Side roads 
For side roads the above correction applies only when there are houses or other 
substantial reflecting walls along the main road opposite the aperture of the side road 
and within the angle of view of the reception point. In this case however, 6 is the angle of 
view of the main road at the reception point defined by the aperture of the side road, 
and 6' is the sum of the angles subtended by all the reflecting facades on the opposite 
side of the main road facing the reception point contained within the total angle 6 (see 
Annex 13).* 

28. Size of segment 
The noise level at the reception point from the segment of the road scheme depends 
upon the angle 6 subtended by the segment boundaries at the reception point. This 
angle is often referred to as the angle of view. The correction for angle of view is 
obtained using Chart 10. 

Combining contributions from segments 

29. The final stage of the calculation process, to arrive at the predicted noise level, 
requires the combination of noise level contributions from all the source segments 
which comprise the total road scheme**. For a single segment road scheme then, of 
course, there is no further adjustment to be made. For road schemes consisting of more 
than one segment the predicted noise level at the reception point shall be calculated by 
combining the contributions from all the segments using Chart 11 to give the overall 
noise level (L). For the purposes of the Noise Insulation Regulations each contribution 
should be rounded to the nearest 0.1 dB(A) in accordance with para 7. Where more 
than two contributions are to be combined, section (ii) of Chart 11 applies. 

* Where the traffic on the side road is not negligible it will be necessary to take this into account in calculating 
the total noise level. Due to the proximity of walls along side roads the facade correction of +2.5  dB(A) 
applies at all points along the side road (para 26.1 refers). 
* *  It is important to combine noise level contributions logarithmically when calculating the overall noise level 
(L). 
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Section II - The prediction 
method (additional 
procedures) 

30. Low traffic flows 
The procedure given in Section I enables calculations of hourly Ll0 dB(A) and L ~ o  
(18-hour) dB(A) to be made for road schemes where traffic flows on any segment 
contained within the scheme are greater than or equal to 50 veh/h or 1000 veh/l&hour 
day. However, it is known that for traffic flows in the range 50 q < 200 veh/h or 1000 
S Q < 4000 veh/l8-hour day, the noise level flow function takes a different form from 
that shown on Charts 2 and 3. For these flow ranges the noise level changes more rapidly 
with traffic flow than indicated. The rate at which the noise level changes with flow is 
also affected by the distance between the reception point and the effective source 
position. Consequently, for some road schemes where low traffic flows occur a further 
correction to the predicted noise level obtained by applying the procedure given in 
Section I may be needed. The following gives the method to be adopted in such cases. 
See Annex 14. 

NB Low traffic flow segment: This term describes a road segment where the hourly 
traffic flow is in the range SO < q < 200 veh/h or the 18-hour traffic flow is in the range 
1000 S Q < 4000 veh/l8-hour day and the shortest slant distance (d’) from the reception 
point to the effective source position is less than 30 metres. 

Where the traffic flow on a segment is within the range quoted above but the shortest 
slant distance (d’) is equal to or greater than 30 metres no further correction is applied 
to the calculated noise level obtained following the procedure outlined in Section I. 

Calculations of noise level for traffic flows below 50 veh/h or 1000 veh/l8-hour day are 
unreliable and measurements should be taken when evaluating such cases. 

30.1 To calculate the noise level from an individual low traffic flow segment the 
procedure outlined below should be followed. 

1. Calculate the predicted noise level for the segment (L) by applying the procedure 
outlined in Section I, paragraphs 12-28. 

2. The corrected predicted noise level (LL) for the segment is given by 

L , = L + K  

where K = - 16.6 (LogloD) 

and D = - 30 where d’ is the shortest slant distance between the reception point and 
d’ the effective source position, 

and C =  or Q 
200 4000 

depending upon whether the correction (K) is applied to an hourly Ll0 or Llo (18-hour) 
value respectively, and where q and Q are the hourly and 18-hour traffic flows 
respectively. 

Chart 12 gives the correction value K. 

NB The correction only applies when 50 s q < 200 veh/h or 1000 s Q < 4000 
veh/l&hour day and d‘ < 30 metres, otherwise no correction should be applied. 

30.2 Where a road scheme consists of one or more segments containing low traffic 
flows the overall predicted noise level from the road scheme is calculated by the 
following procedure. 



1. Calculate the predicted noise level for each segment (L) by applying the procedure 
outlined in Section I paras 12-28. 

2. For each low traffic flow segment apply the correction outlined in para 30.1. 

3. Combine all the contributions from each segment using Chart 11. 

NB (i) The method used for combining noise levels described above is an approxi- 
mation. However, although a more precise solution can be found, this tends to be rather 
complicated and, in most cases, the results are not significantly different from those 
obtained using the above procedure. 

(ii) For low flows, prediction of Llo (18-hour) dB(A) using 18-hour traffic flows can 
differ from values obtained by averaging the hourly values over the same period. In 
general, predictions of Ll0 (18-hour) dB(A) for low traffic flows should be calculated, 
where possible, using hourly traffic flow data to obtain the eighteen, one hour, LIO 
values over the prescribed period and then averaging these values. It should be noted 
that hourly Llovalues are most sensitive to changes in traffic flow in the low flow region. 
For cases where the traffic flow cannot be determined accurately, the measurement 
method is preferred. 

(iii) When determining the need to make corrections for low traffic flows special care 
should be taken to ensure that noise levels from non-traffic sources are substantially 
lower than the levels from the traffic otherwise site noise levels could be under 
predicted using the method (see also para 5) .  

31. End of scheme 
Where a section of road has been improved or altered it may be necessary to predict the 
noise level at sites near to the end of the improved road scheme. The noise level is 
evaluated by treating the improved and non-improved sections of the road as separate 
segments. The noise level contribution from each segment at the receiver position is 
evaluated separately and finally combined using Chart 11. (Annex 15 gives an example 
calculation.) 

32. Curved roads 
Curved roads should be broken down into several straight line segments and each 
segment treated separately as detailed in Section I .  The separate contributions at the 
reception point are combined using Chart 11 to obtain the predicted noise level (see 
Annex 4). 

33. Multiple roads including road junctions 
Calculation of noise from multiple roads is achieved as an extension of the procedures 
outlined in Section I. The contribution from each individual length of road .is calculated 
separately, using the appropriate mean speed (see para 14) and ignoring any speed 
change at the junction, and the overall predicted noise level obtained asing Chart 11. 
Some difficulties may be encountered, however, since the segment boundaries may not 
be precisely defined in all cases. In general, the location of segments will depend upon 
the presence of buildings and the position where the source lines of each road segment 
intersect. Annex 16 illustrates how segmentation of two particular junction designs 
could be achieved. For the roundabout site the source lines could have been drawn to 
intersect at different positions which would have resulted in different segment angles. 
In such situations the noise contribution from each road segment should be calculated 
for each possible segment angle and the maximum resultant predictedmoise level taken. 
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34. Houses fronting onto a main road 
34.1 Screening effects 
Due to the need to take into account a large number of finite barriers, i t  may become 
tedious to calculate the received noise level behind a reasonably uniform row of houses 
which face on to a major road especially in the case where the reception point is some 
distance from the row of houses (eg the noise level at the second row of houses) using 
the procedures in paras 22 and 24. In such cases an equivalent barrier segment can be 
determined whose subtended angle 8 is reduced to 0y where y is defined as 

b 
y = a + b  

where a is the mean opening between buildings and b is the mean length of building 
evaluated along the main road in the vicinity of the reception point. The original 
segment can then be treated as two separate segments whose subtended angles are Oy 
(the screened segment), and 0 (1 - y) which represents the unscreened portion. The 
two segments are treated separately and their noise level contributions combined using 
chart 11 to obtain the total contribution from the segment. NB. When evaluating the 
contribution from the unscreened segment an appropriate ground cover correction, 
para 20, may be required. In such cases the mean height of propagation (H) may be 
determined along the original segment bisector, ignoring the presence of the houses, 
and the proportion of absorbent ground determined from the type of ground enclosed 
by the original segment boundaries (see Annex 17). 

34.2 Reflection effects 
Where a reasonably uniform row of houses exist which face the reception point on the 
opposite side of the traffic stream the reflection correction for opposite facades, see 
para 26.2, can be calculated using the value y defined above. The reflection correction is 
equal to + 1.5 y dB(A). 

35. Multiple screening 
Where more than a single barrier is interposed between the source line and the 
reception point the following procedure shall be adopted to predict the overall noise 
level (see Annex 11). 

(i) Where possible, segment the screened source line into single and multiple screened 
segments, in accordance with para 11 (see Fig 6). 

(ii) For each segment, calculate the basic noise level in accordance with paras 12-16 
and correct for distance in accordance with para 18. 

(iii) For single screened segments, e.g. segment angle €I1 and O4 in Fig 6, calculate the 
potential barrier correction in accordance with para 22 and correct the values obtained 
in step (ii) accordingly for each segment. 

(iv) For segments containing double screening, e.g. segment angle 82 calculate the 
potential barrier correction for each barrier separately in  accordance with para 22 and 
combine their potential barrier corrections using the formula:- 

Ac= -lOLoglo[Antiloglo(-AA/lO) + Antiloglo(-A~J/lO)-l] 

where AA and AB are the potential barrier corrections derived from Chart 9 (NB values 
of A will be negative) such that AA 6 AB ie AA has the most negative value 
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M 
a n d J =  ( - )  ' 

where M is the horizontal distance between the top edge of the barriers, and d is the 
shortest horizontal distance between the reception point and the edge of the nearside 
carriageway. 

Correct the value obtained in step (ii) for the segment by adding the value Ac (NB Ac 
should be a negative value). 

(v) For multiple screened segments, eg segment angle 03  in Fig 6, calculate the 
potential barrier correction for each barrier separately in accordance with para 22 and 
select the barrier which gives the most negative value, AA. Combine the potential 
barrier correction AA with each of the remaining potential barrier values, separately, 
as in step (iv) and select the Ac value which is most negative. 

(vi) Correct the value obtained in step (ii) for the segment by adding the value Ac. 

(vii) Correct the contributions from each segment to take account of reflection effects, 
angles of view and other site layout details and combine the values, para 29, to give the 
overall predicted noise level. 

36. Combined screening and reflection effects 
Where a road is flanked on both sides by substantial reflecting surfaces such as retained 
walls or purpose-built noise barriers the screening performance of such barriers can be 
reduced due to reflection effects. The procedure to adopt when calculating the 
reflection correction for these situations is outlined below. * This correction is in place 
of and is not additional to the correction given in para 26.2. 

NB (i) If the height of reflecting wall or barrier is less than 1.5 metres above the road 
surface no reflection correction should be applied. 

(ii) Although superficially similar, the reflection effects associated with a uniform row 
of houses along both sides of a road are not so obtrusive. In such cases correction for 
reflection effects is to be made in accordance with para 34.2. 

(iii) The corrections given by these procedures assume continuous, hard, reflecting 
surfaces. Surfaces covered with vegetation or constructed from purpose-built sound 
absorbing material will reduce reflection effects and where these are present noise 
levels will tend to be over-predicted by the method. 

(iv) Where a road runs into a cutting where the sides are of earth material or where 
there are earth embankments alongside the road, no reflection correction is required, 
but see also para 36.2(i). 

* Where the two carriageways are treated individually, see para 13.1, the reflection correction is calculated for 
each carriageway separately. The parameters used in calculating the correction will be related to the 
carriageway being considered. 
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Figure 6. COMBINING POTENTIAL BARRIER CORRECTIONS FOR 
MULTIPLE SCREENED ROAD SEGMENTS. 
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36.1 Figures 7(a) and (b) show a section through a typical road element where dual 
barriers and retained cut run parallel to the source line. To calculate the noise level at 
the reception point, R,  the following procedure should be adopted. (see Annex 18). 

1. Segment the road scheme according to the procedure outlined in paragraph 11. 
Normally a length of road where dual barriers or walls of similar length run parallel to 
the source line will constitute a single segment. 

NB The reflection correction is calculated in the same plane, i.e. normal to the road 
surface, as the distance correction and for some segments it may be necessary to extend 
the retaining walls and barriers together with the source line before the following 
procedures are applied. 

2. Calculate the basic noise level and correct for distance and screening provided by the 
retained cut or barriers detailed in paragraphs 12-22. 

3. Calculate the correction for reflections using the formula: 

Correction = [1.5 + (A2 - A,) { 1 + A5 (AI  - 1) } ] A4 

(a) The value of A I ,  depends on the relative height of the screening barrier above the 
road surface (W), the height of the reflecting barrier above the road surface (Y), and 
the height of the reception point R above the road surface (a), see Fig 7(a). A, is 
determined in the following way:- 

if Y Z= W and a > W A, = W 
if Y 2 W and a < W A I  = a for a <1, A I  = 1 
i f Y < W a n d a > Y  A I = Y  
i f Y < W a n d a < Y  A I = a f o r a < l , A 1 = l .  

(b) Apply Chart 13 to determine the value of A2 as a function of a and A, as a function 
of the horizontal distance from the reception point to the top edge of the screening 
barrier, (p). 
(c) Apply Chart 14 to determine the value of A4 as a function of the horizontal distance 
between the top edge of the screening barrier and the base of the reflecting barrier (E). 

(d) Apply Chart 15 to determine the value of A, as a function of the angle of the 
reflecting barrier to the vertical (0). 
4. Add the correction obtained in step 3 to the value obtained in step 2, and correct this 
value in accordance with the size of the segment - see paragraph 28. 

5.  Combine contributions from other segments using Chart 11 to obtain the predicted 
noise level. 
36.2 The above procedure outlines the method to be adopted when calculating the 
reflection for typical dual barrier and retained cut situations. The following paragraphs 
give additional procedures to be adopted when calculating the reflection correction for 
some specific configurations. 
(i) For dual barriers where either barrier is erected on top of an earth embankment, or 
cut where the sides are of earth material, the reflection correction outlined in para 36.1 
is applied but with A, = 0. 
(ii) Where a barrier is erected on top of a retained cut the reflection correction outlined 
in para 36.1 is applied and the relevant parameters ie W, Y and 0, where necessary, are 
calculated by treating the barrier and retaining wall as a single structure, see Fig 7(c). 
(iii) Where the retaining walls or barriers run non-parallel to the source line it  is 
required to rotate them parallel to the source line by the method outlined in para 22.2 
before applying the  reflection correction para 36. I .  
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Figure 7 .  EXAMPLES OF DUAL BARRIERS AND RETAINED CUTS 
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7(b) RETAINED CUT 
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Section 111 - The measurement 
method 

37. The method consists of measuring the noise from an actual flow of traffic on a road. 
Generally it will be required that the measurement position is close to the road so that 
other traffic or extraneous noises do not influence the measured level. The measured 
level is adjusted to give a noise level at 10 metres from the nearside carriageway edge by 
applying the necessary corrections in Section I. The algebraic sign of the corrections 
should be reversed before applying it to the measured level. The value obtained from 
the above procedure is the basic noise level and the calculation, as necessary, of L10 
(18-hour) at the reception point is obtained using the procedures outlined in paras 
17-28 of Section I. 

37.1 For the purposes of the Noise Insulation Regulations and where there are no other 
significant noise sources in the area (or they are separately identifiable), measurements 
1 metre from an eligible facade may be appropriate in such circumstances. The 
measured level can be used without the need to calculate the basic noise level when 
evaluating the Llo (18-hour) dB(A) level. 

38. When to measure 
The measurement method may be used where:- 

(i) traffic conditions fall outside the range of validity of the Charts; 

or (ii) traffic or site layout conditions are sufficiently complex or unusual to make the 
use of standard traffic data unreasonable; 

or (iii) measurement provides a more economic method of determining the particular 
level of traffic noise. 

However, the highway authority shall use the prediction method unless’in their opinion 
it is inappropriate to the circumstances of the case. 

39. Physical conditions for measurement 
The following conditions should prevail throughout the measurement period. 

39.1 Road surface 
Measurements are to be made when the road surface in the measurement area is dry. 

39.2 Wind 
Measurements should be made where: 

(i) the wind direction is such as to give a component from the nearest part of the road 
towards the reception point exceeding the component parallel to the road; 

(ii) the average wind speed at a height of 1.2 metres and mid-way between the road and 
the reception point is not more than 2 m/s in the direction from the road to the reception 
point; 

(iii) the wind speed at the microphone in any direction should not exceed 10 m/s. 

In all cases it is recommended that a wind shield be used on the microphone and that 
measurements should only be carried out when the peaks of wind noise at the 
microphone are 10 dB(A) or more below the measured value of LlO. 
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40. Measuring equipment 
Equipment used for the measurement of LLo should be capable of satisfying the 
specification given for guidance in Appendix 1. As regards calibration, evidence of 
general compliance with the requirements may be based upon manufacturers' 
published technical data but regular (not less than annual) checking is necessary to 
ensure that equipment is correctly calibrated. Guidance on minimum calibration 
requirements is given in Appendix 2. 

41. Measurement procedure 
The following procedure should be adopted when carrying out the measurements. 

41.1. Microphone position 
The measurement point should be chosen so that the view of the road in question is 
substantially unobstructed (0 > 160") and should normally be not less than 4 metres and 
not more than 15 metres from the nearside edge of the carriageway. The microphone 
should normally be placed at a height of 1.2 metres above the road surface and with the 
diaphragm or other sound-sensitive surface horizontal (grazing incidence). Where 
possible, free-field conditions should apply. However there should be no sound- 
reflecting surfaces (other than the ground) within 15 metres of the microphone position. 
Where there is doubt about whether free-field conditions prevail, particularly for the 
purposes of the Noise Insulation Regulations, a temporary screen to act as a facade 
should be erected (see also para 37.1). The screen should have an area of not less than 1 
sq. metre and be positioned with its centre 1 metre behind the microphone. The screen 
may also assist in ensuring that extraneous noise sources do not affect the measured 
level. It should be noted that when a temporary screen is used the facade correction, 
para 26.1, should be subtracted from the measured level when evaluating the basic 
noise level. 

41.2 Sampling times 
The minimum sample length tmin leading to a valid measurement of Llo depends upon 
the registration rate r in samples per minute (in order to ensure a sufficient overall 
number of samples) and on the total flow q, in vehicles per hour, passing the measuring 
point (in order to ensure measurements include an adequate sample of vehicles). 
Provided q is greater than or equal to 100 veh/h the minimum sampling time can be 
determined from 

4000 + 120 minutes 
tmin = ( q - ) 

r 

provided r is greater than 5 samples per minute and with the restriction that the sample 
length should not be less than 5 minutes in any one hour. For vehicle flows less than 100 
veh/h the sampling rate, r ,  should be at least 1 sample per second and measurements 
should be taken for the full hour excluding time required for calibration and printer 
output, if required. 

41.3 Traffic counts 
Where possible the measurements of traffic flow and composition should be concurrent 
with measurements of the traffic noise. 
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42. Analysis of data 
For any given sample, the noise level registrations are analysed to identify the number 
of registrations exceeding predetermined noise levels. These are converted to fractions 
of the measuring period, and Llo,  the level exceeded for just 10% of the measuring 
period, determined by linear interpolation between the readings immediately on either 
side. (Care should be taken that the lower class limit of noise is used as independent 
variable and not the centre of the class interval.) To give adequate precision when 
determining the value of Llo by linear interpolation the interval between the 
predetermined noise levels is not to exceed 2.5 dB(A). However, systems with an 
inherent class-interval of 5 dB(A) may be employed provided that the analysis is 
repeated (eg by use of a tape recorder) with an additional 2.5 dB(A) attentuation in 
circuit in order to produce an effective interval of 2.5 dB(A). 

42.1 Derivation of Llo (18-hour) dB(A) 
The above procedure enables hourly LIO dB(A) levels to be derived and the LIO 
(%hour) value is the arithmetic mean of the 18 one-hourly values of L ~ o  covering the 
period 0600 to 2400 hours. 

t=23 

where t signifies the start time of the individual hourly L,o dB(A) values in the 
period 0600 to 2400 hours. 

Unless measurements at the facade position have been carried out, see para 37.1, it is 
necessary to adjust the Llo (18-hour) value obtained above in accordance with the 
procedure outlined in para 37 to evaluate the Llo (18-hour) dB(A) value at the facade 
position. 

42.2 Calculation of future values of Llo (]&hour) dB(A) 
To forecast the Llo (18-hour) value relating to future traffic conditions (signified Q’, V’,  
p’) the following procedure is adopted (where Q, V, p are the current traffic 
conditions). 

1. From the measurement method evaluate (L) the Llo (18-hour) dB(A) value at the 
reception point for the current traffic conditions. 

2. Calculate the correction (ALF) to take account of the change in traffic conditions. 

r 
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3. Calculate the future value of L lo  (18-hour) (LF) from one of the following formulae: 

(i) if Q and Q’ 3 4000 veh/lS-hour day 

then LF = L + ALF 

(ii) if Q 3 4000 and Q’ < 4000 veh/lS-hour day 2 
Log10 - ( + ) ( ;i0 ), then LF = L + ALF - 16.6 

where d’ is the shortest slant distance between the reception point and the effective 
source position. 

NB if d’ 2 30 m 
(iii) if Q < 4000 and Q’ 2 4000 veh/lS-hour day 

LF = L + ALF 

,7 

NB if d’ 3 30 m LF = L + ALF 

(iv) if Q and Q’ < 4000 veh/lS-hour day 

then LF = L + ALF - 16.6 

NB if d’ 3 30 m LF = L + ALF 

NB When predicting future values of 18-hour L10 dB(A) foreseeable changes in 
screening, site-layout and road surface including the criteria for traffic speed (para 16) 
should be taken into account. 



Shortened measurement procedure 

43. Within certain limits (see para 44) the following shortened measurement procedure 
may be used. Measurements of Llo are made over any three consecutive hours between 
1000 and 1700 hours. Using Llo (3-hour) as the arithmetic mean of the three consecutive 
values of hourly Llo, the current value of Llo (18-hour) can be calculated from the 
relation: 

Llo (18-hour) = Llo (3-hour) - 1 dB(A) 

t+2 

10<t<14 
where Llo (3-hour) = 8 Llo (hourly), 

and t signifies the start time of the individual hourly Llo dB(A) values. 

The future value of Llo (18-hour) is calculated using the relevant formula given in para 
42.2 above. 

44. Provided that the future values of Llo (18-hour) estimated in this way are in excess 
of 69.0 dB(A) or are less than 66.0 dB(A) the calculated values may be used in part to 
determine entitlement under the Noise Insulation Regulations. Where the future value 
of LIO (18-hour) calculated in the shortened procedure lies within the range of 66.0-69.0 
dB(A) or the increase in noise level of 1.0 dB(A) is critical (see para 6), full 
measurement of hourly Llo dB(A) throughout the 18-hour period is necessary, and the 
Llo (18-hour) dB(A) value calculated as outlined in para 42.1. 

Comparative measurements 

45. Comparative measurements of L10 (18-hour) may be made at a number of positions 
concurrently in terms of hourly Llo provided that the noise at each of the measuring 
positions is due to the same road carrying the same traffic under the same conditions. At 
one (control) position the noise should be measured through the period 0600 to 2400 
hours on an average weekday. Relative measurements at the satellite positions should 
be made for not less than two identical periods each of at least 15 minutes duration* 
concurrently with measurements at the control position. The measurements at each 
satellite position should be taken at least 2 hours apart during the 18-hour period. Mean 
differences in the corresponding values of hourly Llo may then be applied to the values 
of Llo (18-hour) measured at the control position to determine Llo (18-hour) for the 
satellite positions. 

* For certain vehicle flows ii longcr sampling time may bc required. Paragraph 41.2 should be applied to 
derive an appropriate sampling time i f  longer than 15 minute periods are indicated. 
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Appendix 1 - Type 
specification 
tor measuring 
equipment 

(a) Microphone and amplifier 
Over the frequency range of 63-5000 Hz the overall response of the measuring 
equipment including windshield, microphone, microphone preamplifier, measurement 
amplifier, and attenuators should comply with the A-weighting characteristics, 
accuracy requirements, and sensitivity to environmental factors such as temperature, 
relative humidity, shock and vibration, as specified for type 1 instruments in BS 5969: 
1981, which is identical with IEC 651: 1979. Outside the frequency range 63-5000 Hz the 
overall sensitivity should not exceed the upper tolerance limit of the A-weighting 
characteristic specified in BS 5969: 1981. 

(b) Magnetic tape recorder 
When direct analysis is not employed and a magnetic tape recorder is used to store 
audio-frequency data (as opposed to digital data) for subsequent analysis, the 
recordheplay system (including tape) should meet the following requirements. 

(i) The gain of the recorder must be independent of input level (ie tape recorders using 
automatic gain control must not be used). 

(ii) The device should be used in such a manner that the A-weighting characteristic is 
applied prior to tape recording. 

(iii) The frequency-response of the complete measurement system including tape 
recorder should meet the tolerances specified in paragraph (a) above. 

(iv) The performance of the recorder shall be such that the effective dynamic range is at 
least 35 dB (ie the difference between the output of the tape recorder when replaying a 
typical traffic noise spectrum at 3% distortion level and when replaying blank tape 
should be at least 35 dB). The system must be arranged so that the recorded value of Llo 
is at least 15 dB(A) above the inherent background noise level of the equipment and at 
least 10 dB(A) below the level corresponding to 3% pure-tone distortion at any 
frequency over the  range 63-5000 Hz. 

(v) The amplitude stability of a 1 kHz tone recorded at a level 10 dB below the 3% 
distortion level should be within k1 dB throughout any one spool of tape at the tape 
speed used for the noise measurement. Measurements to verify this should be made 
using a device with an averaging time equal to that used in the measuring chain. 

(c) Characteristics of indicating instrument 
In principle the output from the measuring amplifier requires to be squared, averaged, 
converted to logarithmic form and finally displayed or digitally recorded. However, in 
some systems some of these operations may not be separable and it is therefore 
convenient to specify the overall performance of this part of the system. 

The detector should operate over a minimum dynamic range of 40 dB and perform as a 
true mean square device to sinusoidal tone bursts having crest factors of up to 3 over the 
dynamic range corresponding to 50 to 85 dB(A) within an accuracy of k 0.5 dB. 

The effective averaging time should be 250 milliseconds with tolerances of + 250 ms and 
-150 ms. 

Note 1: A convenient means of checking compliance with the averaging time 
requirements is to apply $-octave band-limited white noise centred on a frequency of 
500 Hz to the input of the detector and determine the standard deviation of the 
indicated level about the mean level. For a device complying with the above averaging 
time requirements the standard deviation of at least 500 independent samples of noise 
level should fall in the range 0.55 to 1.20 dB. 
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Note 2: An instrument complying with Section 7 . 2  of BS 5969: 1981 with dynamic 
characteristics designated F is deemed to comply with these requirements. 

Note3: Logarithmic level recorders with 25 dB potentiometer, writing speed set to 100 
mm/s and with a lower limiting frequency of 20 Hz are deemed to comply with these 
requirements. 

(d) Level resolution of digital recording system 
In order to achieve adequate overall precision both in calibration and measurement the 
system should be generally capable of indicating changes in level of 0.5 dB(A). 
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Appendix 2 - Calibration of 
equipment 

(a) On-site calibration 
Immediately prior to and following each session of work the overall sensitivity of the 
electroacoustical system should be checked using an acoustic calibrator generating a 
known sound pressure at a known frequency. Measurements may be accepted as valid 
only if calibration levels agree within 1 dB. 

Note I :  Sometimes a pistonphone operating at a nominal level of 124 dB at a frequency 
of 250 Hz is used for this purpose. As this level is outside the range required for traffic 
noise measurements, it will be necessary to introduce known additional attenuation 
(e.g. using a ‘range-switch’). Care will therefore need to be exercised when interpreting 
the calibration signals and it is recommended that the same attenuation (e.g. 50 dB) be 
adopted as routine. Attention is also drawn to the fact that where the A-weighting 
network is permanently connected in circuit due allowance must also be made for the 
relative response of the A-weighting network at the frequency used (e.g. -8.6 dB at 
250 Hz). 

Note 2: Where a tape recorder forms part of the measuring chain and is used to store 
audio-frequency data it is a requirement that, in addition to the above, a constant 
calibration signal corresponding to a known sound pressure level be applied at the 
beginning and end of each individual spool of tape used. A tape-recorded sample may 
be accepted as valid only if at the time of analysis the indicated levels of the two 
calibrating signals agree within 1 dB. 

(b) System calibration 
To ensure overall measurement precision, within twelve months immediately prior to 
the measurement the overall system should have been directly compared with an 
independent reference system. This comparison is most easily effected by using both to 
measure and analyse the same noise sample. Likewise, the output level of the acoustic 
calibrator referred to in Appendix 2(a) should also have been checked by direct 
comparison with an independent reference device. 
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Appendix 3 - Glossary of 
symbols 

Symbol Description of Symbol 

A potential barrier correction for a single barrier 

AA the highest potential barrier correction within a 
segment where the source line is screened by more 
than one barrier i.e. most negative value (dB(A)) 

AB the potential barrier correction .of subsequent 
barriers within a segment where the source line is 
screened by more than one barrier (dB(A)) 

combined potential barrier correction for a multiple 
screened segment (dB(A)) 

mean oper,ing between buildings for a uniform row of 
houses (metres) 

mean length of buildings for a uniform row of houses 
(metres) 

correction factor for low traffic flow roads 

correction factor for low traffic flow roads 

shortest horizontal distance between the reception 
point and the edge of the nearside carriageway 
(met res) 

shortest slant distance from the reception point to the 
effective source position (metres) 

the horizontal distance between the top edge of a 
barrier or retaining wall and the base of the reflecting 
barrier or retaining wall (metres) 

18-hour flow of heavy vehicles on a road (veh/l8-hour 

the hourly flow of heavy vehicles on a road (veh/h) 

gradient of a road (%) 

average height of propagation between the reception 
point and the effective source position above the 
intervening ground (metres) 

relative height between the reception point and the 
effective source position (metres) 

proportion of sound absorbing ground between the 
edge of the nearside carriageway and reception point 
contained within a segment 

(dB(A)) 

AC 

a 

b 

C 

D 

d 

d' 

E 

F 
day) 

f 

G 

H 

h 

I 

J 

K 

adjustment to the potential barrier correction for 
secondary screening 

correction to the noise level to take account of low 
traffic flows (dB(A)) 

Relevant 
Paragraph 

21 

35 

35 

35 

34 

34 

30 

30 

18 

18 

36 

14 

14 

15 

20 

18 

20 

35 

30 

35 



Symbol 

L 

L F  

ALF 

LL 

M 

P 

PI 

Q 
Q' 

9 
r 

t 

tmin 

V 

V' 

AV 

W 

Y 

OL 

P 

Y 

AI -A5 

36 

Description of Symbol 

the noise level, L,o hourly or Ll0 (18-hour), dB(A) 
from a road segment or road scheme 

L ~ o  (18-hour) dB(A) level from a road for future 
traffic conditions 

correction to the noise level to take account of future 
changes in traffic conditions (dB(A)) 

corrected contribution to the noise level from low 
flow traffic (dB(A)) 

the horizontal distance between the top edge of the 
barrier with the highest potential barrier correction 
and the top edge of subsequent barriers (metres) 

percentage of heavy vehicles (%) 

percentage of heavy vehicles for future traffic condi- 
tions (%) 

18-hour traffic flow (veh/Whour day) 

18-hour traffic flow for future traffic conditions 
(veh/lS-hour day) 

hourly traffic flow (veh/h) 

registration rate for sampling the noise level when 
measuring Llo dB(A) (samples/minute) 

start time of the individual hourly Ll0 dB(A) values 
(hours) 

the minimum sampling length, in minutes, required 
for a valid measurement of L10 dB(A) 

mean speed of traffic on a road (km/h) 

mean speed of traffic for future traffic conditions 
(km/h) 

reduction in mean traffic speed on a road due to 
gradient (km/h) 

height of screening barrier or retaining wall above 
road surface (metres) 

height of reflecting barrier or retaining wall above 
road surface (metres) 

height of reception point above road surface (metres) 

the horizontal distance from the reception point to 
the top edge of the barrier or retaining wall (metres) 

correction to the angle of view subtended by a 
uniform row of houses 

parameters used for calculating the reflection correc- 
tion for dual barriers and retained cuts 

Relevant 
Paragraph 

29 

42 

42 

30 

35 

14 

' 42 

13 

42 

13 

41 

42 

41 

14 

42 

14 

36 

36 

36 

36 

34 

36 



Symbol Description of Symbol 

6 path difference between the direct ray and diffracted 
ray due to screening of the source line (metres) 

angle of view of a segment (degrees) 

combined angle of view of reflecting surfaces on the 
farside of the traffic stream facing the  reception point 
(degrees) 

angle of the reflecting barrier or retaining wall to the 
vertical (degrees) 

e 
0' 

0 

Relevant 
Paragraph 
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28 
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CHART 1 FLOW CHART FOR PREDICTING NOISE FROM ROAD SCHEMES 

Ground 
cover 
correction 

I Stage 1 - Divide road scheme into segments I 

Screening correction 

/ I 

Calculate noise level contribution 
from a segment 

I Stage 2 - Basic noise level I 
Select hourly L,, or L,, ( 1  8- Hour) 

Flow 
Speed 
Percentage heavies 
Gradient 
Road surface 

I Stage 3 - Propagation I 
I 

Distance Co rrect io n 

I . 
I Stage 4 - Site layout I 

I Correct for reflections I 
I ~ p p ~ y  angle of view correction I 

I Stage 5 - Combine contributions from 
all seaments 

- ~~ 

Predicted noise level 
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Chart 4 CORRECTION FOR MEAN TRAFFIC SPEED V AND 
PERCENTAGE HEAVY VEHICLES p 

a 
v) a 
U 
S a > 
> > m a 
S 

- 
.- 

20 50 100 130 

Mean traffic speed V(km/h) 

Correction = 33 Log,, (V + 40 + 7 500 ) + 10 Log,, (1 +? ) - 68.8 dB(A) 
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~~ 

Chart 5 CHANGE IN MEAN TRAFFIC SPEED A V IN TERMS OF 
THE PERCENTAGE HEAVY VEHICLES p AND 
GRADIENT G (percent). 

80 
Q 

Y- 
0 

0 

" I  
0 

I 

5 
I 

10 
I 

15 
Gradient G (percent) 

15') ] x G  km/h. -100 100 
N.B. (i) To be used only when the mean traffic speed has been estimated from the class of road, para. 14.3 

(ii) Not applicable to downward flows in the case of: 

a. Carriageways treated separately (see para. 13.1 ) 
b. One way traffic schemes. 

42 

~ 



Chart 6 CORRECTION FOR GRADIENT G 
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Correction = 0.3 G dB(A) 
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Chart 9a 
Polynomial expressions for potential barrier correction 
Potential barrier correction A = A,) + Alx + A2 x2 + . . . + A, x" where x = Loglo 6 
(6 being the path difference in metres between the direct and diffracted rays), the 
coefficients A, being given in the table below. 

Shadow zone Illurninured zone 

- 15.4 
-8.26 
-2.787 
-0.831 
-0. I98 
+O. 1539 
+O. 12248 
+0.02175 

Range of validity -3 c x 6 + 1.2 

0 
+0.109 
-0.815 
+0.479 
+ 0.3284 
+0.04385 

- 4 s x s o  

Outside the above ranges of validity the potential barrier correction is defined as 
follows: 

Shadow zone Illurninured zone 

For x < -3 A = -5.0 For x <-4 A = -5.0 
For x >1.2 A = -30 Forx>O A = 0  

Chart 9b Potential barrier correction A* dB(A) for path differences 
(6 = i + j)** calculated to the nearest 0.01 metres. 

j 
- 

I 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .0 
1.1 
1.2 
1.3 
1.4 
1.5 
I .6 
1.7 
1.8 
1.9 
2.0 

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

SHADOW ZONE 
5.0 6.4 7.1 7.6 
9.3 9.5 9.7 9.8 

10.8 10.9 11.0 11.1 
11.7 11.8 11.9 12.0 
12.5 12.6 12.6 12.7 
13.1 13.2 13.3 13.3 
13.7 13.7 13.8 13.8 
14.2 14.2 14.3 14.3 
14.6 14.7 14.7 14.7 
15.0 15.1 15.1 15.1 
15.4 15.4 15.5 15.5 
15.7 15.8 15.8 15.8 
16.1 16.1 16.1 16.2 
16.4 16.4 16.4 16.5 
16.7 16.7 16.7 16.8 
16.9 17.0 17.0 17.0 
17.2 17.2 17.3 17.3 
17.5 17.5 17.5 17.5 
17.7 17.7 17.8 17.8 
17.9 18.0 18.0 18.0 
18.2 18.2 18.2 18.2 

ILLUMINATED ZONE 
5.0 3.5 2.8 2.3 
1 . 1  1.0 . 1.0 0.9 
0.6 0.5 0.5 0.5 
0.3 0.3 0.3 0.3 
0.2 0.2 0.2 0.2 
0.1 0.1 0.1 0.1 
0.1 0. I 0.1 0.1 

7.9 
10.0 
11.2 
12.1 
12.8 
13.4 
13.9 
14.4 
14.8 
15.2 
15.5 
15.9 
16.2 
16.5 
16.8 
17.1 
17.3 
17.6 
17.8 
18.0 
18.3 

2.0 
0.8 
0.5 
0.3 
0.2 
0.1 
0.1 

8.2 
10.1 
11.3 
12.1 
12.8 
13.4 
13.9 
14.4 
14.8 
15.2 
15.6 
15.9 
16.2 
16.5 
16.8 
17. I 
17.3 
17.6 
17.8 
18.1 
18.3 

1.8 
0.8 
0.4 
0.3 
0.2 
0.1 
0.1 

8.5 
10.3 
11.4 
12.2 
12.9 
13.5 
14.0 
14.5 
14.9 
15.3 
15.6 
15.9 
16.3 
16.6 
16.8 
17.1 
17.4 
17.6 
17.8 
18.1 
18.3 

1.6 
0.7 
0.4 
0.2 
0.1 
0.1 
0.0 

8.7 
10.4 
11.5 
12.3 
13.0 
13.5 
14.0 
14.5 
14.9 
15.3 
15.6 
16.0 
16.3 
16.6 
16.9 
17.1 
17.4 
17.6 
17.9 
18. I 
18.3 

1.5 
0.7 
0.4 
0.2 
0.1 
0.1 
0.0 

9.0 
10.5 
11.6 
12.4 
13.0 
13.6 
14.1 
14.5 
14.9 
15.3 
15.7 
16.0 
16.3 
16.6 
16.9 
17.2 
17.4 
17.7 
17.9 
18.1 
18.3 

1.3 
0.6 
0.4 
0.2 
0.1 
0.1 
0.0 

9.2 
10.6 
11.7 
12.4 
13.1 
13.6 
14. I 
14.6 
15.0 
15.4 
15.7 
16.0 
16.3 
16.6 
16.9 
17.2 
17.4 
17.7 
17.9 
18.1 
18.4 

1.2 
0.6 
0.3 
0.2 
0.1 
0.1 
0.0 

* Values of A are negative 

e.g. where the reception point is in the shadow zone and 6 = 1.45 metres: * *  
then i = 1.4 and j = 0.05 
from the table the value of A is - 16.8 dB(A). 

47 



0 

0 
0 
hl 

0 
U 

8 
3 
5 
W 

W 

U 
0 
2 
0 

LL 

- 

0 
r 

U? 0 
hl + 

0 
hl 

v) 

'hl 

3 
0, 
> .- 

w- 
0 
Q) 

OY 
C 

- 
a 

0 
r 4 m 

U 

0 
00 
F 

\ m 

C 
0 

0 

0 
0 

.- 
c 

2 
L 



Chart 11 PROCEDURE FOR COMBINING NOISE LEVELS. 

3 +3 
m 
U 
a > a 
- 
- 
.- % +2 
0 
C 

a 
L 
0 

0 

U 

L 

.- 
I +1  
.I- 

a 
0 
0 2 4 6 8 10 

Difference between two noise levels A d B (A) 

(i) Given two noise levels L and L - A then the combined level is 
L + 1 0  Log,,[l + Antilogl,(-A/,O)] dB(A) 

which can be evaluated using the above chart. 

12 14 16 

(ii) With n component noise levels L,, L,, ......, Ln the combined noise level due to all n components is given by 

L =  10Log,,[f An t i l og , , (Ln /~o ) ]  dB(A) 
1 
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Chart 12 CORRECTION FOR LOW TRAFFIC FLOW, K 

Values of 

-4 

z z. -3 
U 
Y 

0 
0 m 
L 
C 
0 
0 

L 

*-’ 

-2 
.- 
w 

2 
L 
0 
0 -1 

0 
1 
30 

18-hour U 
(0.25 

/ 
0 -  

0 
0 

0 

50 

60 

8 0  

100 

120 

140 

1000) 

1200) 

1600) 

2000) 

2400) 

2800) 

2 
15 

3 
10 

4 Value of D 
7.5 Value of d’ metres. 

For 1 < D S 4 a n d  0.25 S C < 1 

CORRECTION FACTOR K=-16.6 (Log,, D)(Log,, C ) ’ ~ B ( A )  
F o r D S l  K = O  i.e. d’ 2 30 metres. 

F o r C 3 - 1  K = O  i.e. q 3 200 veh/h. 

or Q b 4000 veh / l8  hour day. 
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Chart 14 CORRECTION FACTOR A, IN TERMS OF DISTANCE, E. 
[To be used in conjunction with Charts 13 and 151 

Distance between diffracting edge and base of reflecting wall, E metres 

CORRECTION FACTOR A4 = Log,,,[1+(270/E)] for E < 30, 

for E > 70, 

A4= 1 

A 4 =  0.69 
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Chart 15 CORRECTION FACTOR As FOR ANGLE OF THE REFLECTING 
WALL TO THE VERTICAL TO BE USED IN CONJUNCTION WITH 
CHARTS 13 to 14. 

VI 

a 

+ 
0 
a 
CJ) 
C m 
0 

- 

L 

+ 

i 
L 
0 
0 

0 2 4 6 8 10 12 14 

Angle of wall to vertical @ (degrees) 

Correction Factor A5 = Exp(-O.OlS@') 

where @5 = angle of the reflecting wall to the vertical in degrees. 
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Chart 16a - Traffic Forecast Table 
Light vehicles (1525kg or less unladen weight) Percentage change over b m e  year 

Future Base year 
year 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 
- - ~ - - ~ - ~ ~ ~  

1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
200 1 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 
2023 
2024 
2025 

0 
3 
7 

10 
13 
16 
18 
21 
23 
25 
27 
29 
31 
33 
35 
31 
39 
40 
42 
44 
46 
47 
49 
51 
52 
54 
55 
57 
59 
60 
62 
63 
65 
66 
68 
69 
71 
72 
74 
75 

0 
0 
3 
6 
9 

12 
14 
17 
19 
21 
23 
25 
27 
29 
31 
32 
34 
36 
38 
39 
41 
43 
44 
46 
47 
49 
50 

. 52 
54 
55 
57 
58 
60 
61 
62 
64 
65 
67 
68 
70 

0 
0 
0 
3 
6 
9 

I I  
13 
15 
17 
19 
21 
23 
25 
26 
28 
30 
32 
33 
35 
37 
38 
40 
41 
43 
44 
46 
47 
49 
50 
52 
53 
55 
56 
57 
59 
60 
62 
63 
64 

0 
0 
0 
0 
3 
5 
8 

10 
12 
14 
16 
18 
19 
21 
23 
25 
26 
28 
30 
31 
33 
34 
36 
31 
39 
40 
42 
43 
44 
46 
47 
49 
50 
51 
53 
54 
56 
57 
58 
60 

0 
0 
0 
0 
0 
2 
5 
7 
9 

I I  
12 
14 
16 
18 
19 
21 
23 
24 
26 
27 
29 
30 
32 
33 
35 
36 
38 
39 
40 
42 
43 
44 
46 
47 
48 
50 
51 
52 
54 
55 

0 
0 
0 
0 
0 
0 
2 
4 
6 
8 

10 
12 
13 
15 
17 
18 
20 
21 
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38 
40 
41 
42 
44 
45 
46 
48 
49 
50 
51 

0 
0 
0 
0 
0 
0 
0 
2 
4 
6 
8 
9 

11 
12 
14 
16 
17 
19 
20 
22 
23 
25 
26 
27 
29 
30 
32 
33 
34 
36 
31 
38 
39 
41 
42 
43 
45 
46 
41 
48 

0 
0 
0 
0 
0 
0 
0 
0 
2 
4 
5 
7 
9 

10 
12 
13 
15 
16 
18 
19 
21 
22 
24 
25 
26 
28 
29 
30 
31 
33 
34 
35 
37 
38 
39 
40 
42 
43 
44 
45 

0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
5 
7 
8 

10 
11 
13 
14 
16 
17 
19 
20 
21 
23 
24 
25 
27 
28 
29 
30 
32 
33 
34 
35 

.37 
38 
39 
40 
41 
43 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
5 
6 
8 
9 

I I  
12 
14 
15 
17 
18 
19 
21 
22 
23 
24 
26 
21 
28 
29 
31 
32 
33 
34 
35 
37 
38 
39 
40 
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Chart 16b - Traffic Forecast Table 
Heavy vehicles (over 1525kg unladen weight) Percentage change over base year 

Fitrure Base yecir 
yeor 

1986 I987 1988 1989 1990 1991 1992 I993 1994 1995 
- ~ ~ ~ - ~ - - - ~  

1986 
I987 
I988 
1989 
1990 
1991 
I992 
I993 
I994 
1995 
1996 
I997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
202 1 
2022 
2023 
2024 
2025 

0 
1 
2 
2 
3 
4 
5 
5 
6 
7 
7 
8 
9 

10 
10 
I I  
I I  
12 
12 
13 
13 
14 
14 
14 
14 
15 
15 
1.5 
16 
16 
16 
16 
17 
17 
17 
18 
18 
18 
18 
19 

0 
0 
1 
2 
2 
3 
4 
4 
5 
6 
7 
7 
8 
9 
9 

10 
10 
I I  
12 
12 
12 
13 
13 
13 
14 
14 
14 
14 
15 
1.5 
1.5 
16 
16 
16 
16 
17 
17 
17 
17 
18 

0 
0 
0 
1 
1 
2 
3 
4 
4 
5 
6 
6 
7 
8 
8 
9 

10 
10 
I I  
11 
11 
12 
12 
12 
13 
13 
13 
14 
14 
14 
14 
15 
15 
IS 
15 
16 
16 
16 
17 
17 

0 
0 
0 
0 
I 
1 
2 
3 
4 
4 
5 
6 
6 
7 
8 
8 
9 
9 

10 
10 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
14 
14 
14 
14 
15 
15 
15 
15 
16 
16 

0 
0 
0 
0 
0 
1 
1 
2 
3 
3 
4 
5 
6 
6 
7 
7 
8 
9 
9 

10 
10 
10 
10 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
13 
14 
14 
14 
15 
15 
15 

0 
0 
0 
0 
0 
0 
1 
1 
2 
3 
3 
4 
5 
6 
6 
7 
7 
8 
8 
9 
9 
9 

10 
10 
10 
11 
11 
11 
11 
12 
12 
12 
12 
13 
13 
13 
14 
14 
14 
14 

0 
0 
0 
0 
0 
0 
0 
I 
I 
2 
3 
3 
4 
5 
5 
6 
6 
7 
8 
8 
8 
9 
9 
9 
9 
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I I  
11 
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9 
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0 
0 
1 
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Annexes 1 - 18 

The following annexes are included to illustrate the methodology. In all cases the road 
surface is assumed to be impervious with a zero correction for texture depth. 

Previous page 
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Annex. 1 ENTITLEMENT TO INSULATION UNDER THE NOISE INSULATION 
REGULATIONS 1975 

CASE. 1. 
1 (a) BEFORE IMPROVEMENT 1 (b) AFTER IMPROVEMENT 

(within 15 years) 

Improved highway L’A 

CASE. 2. 
2(a) BEFORE IMPROVEMENT 

1 

2(b) AFTER IMPROVEMENT 
(within 15 years) 

1 

New highway L’A 

CASE. 3. 
3(a) BEFORE IMPROVEMENT 

3 (b) AFTER IMPROVEMENT 
(within 15 years) 

.. . . . . . 
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ANNEX 1. ENTITLEMENT TO INSULATION UNDER THE NOISE INSULATION 
REGULATIONS 1975 

The following definitions apply when considering the conditions for entitlement (see para 6). 

Prevailing Noise Level (PNL) = 10 Loglo (Antiloglo- + Antiloglo -) 

where LA = 

LB = 

LA LB 
10 10 

noise level from a highway or highways which are to be altered 
noise level from all other highways in the vicinity immediately before works to alter LA begin. 

L‘B 
10 

L’A + Antiloglo -) Relevant Noise Level (RNL) = 10 Log10 (Antiloglo - 
10 

where L’A = 

L’B = 

maximum noise level, within 15 years, from altered highways and/or from completely new 
highways. 
maximum level from all other highways within 15 years. 

Taking the above definitions a property will be eligible for insulation when 

(i) RNL 2 68 dB(A) 
(ii) RNL - PNL 5 + 1.0 dB(A) 

(iii) RNL - L’B 3 + 1.0 dB(A) 
For the purposes of illustration 3 cases are detailed below and a plan of each site is shown opposite. 
CASE 1. To calculate whether there is entitlement at No 6. The noise levels at lm  from facade are 

[NB 67.5 dB(A) and above is rounded up to 68 dB(A)] 

Chart 11 Combined Noise Level PNL = 67.2 dB(A) 

Chart 11 Combined Noise Level RNL = 69.8 dB(A) 

1 
1 

LA = 64.2 dB(A) 

LB = 64.1 dB(A) 

L’A = 67.1 dB(A) 

L’B = 66.4 dB(A) 
(i) RNL = 70 dB(A) 

(ii) RNL - PNL = 2.6 dB(A) 
(iii) RNL - LIB = 3.4 dB(A) 
In this case there is possible entitlement, subject to Regulation 4. 
CASE 2. To calculate whether there is entitlement at No 1. The noise levels at l m  from facade are 

(rounded to the nearest whole number) 

LA = 0 (A new highway is to be constructed) 
LB = 70.1 dB(A) Therefore PNL = 70.1 dB(A) 

Chart 11 Combined Noise Level RNL = 68.7 dB(A) 1 L’A = 66.1 dB(A) 

L’B = 65.2 dB(A) 
(i) RNL = 69 dB(A) 

(ii) RNL - PNL = -1.4 dB(A) 
(iii) RNL - L ’ B  = 3.5 dB(A) 
There is no entitlement since the second condition is not met. The traffic has been moved away from the 
property and the noise level reduced. 
CASE 3. To calculate whether there is entitlement at No 3. The noise levels at l m  from the facade are 

(rounded to the nearest whole number) 

LA = 57.7 dB(A) 1 Chart 11 Combined Noise Level PNL = 67.6 dB(A) 
LB = 67.1 dB(A) J 
L1 = 61.7 dB(A) 

L2 = 55.1 dB(A) 
L’A =.62:6 dB(A) 

L’B = 69.3 dB(A) 

Chart 11 Combined Noise Level L’A = 62.6 dB(A) 

Chart 11 Combined Noise Level RNL = 70.1 dB(A) 

1 
i 

(i) RNL = 70 dB(A) 
(ii) RNL - PNL = +2.5 dB(A) 

(rounded to the nearest whole number) 

(iii) RNL - L’B = +0.8 dB(A) 

There is no entitlement since the third condition is not met. The actual contribution to the total noise level - 
from the improved road and the new road is 0.8 dB(A). 
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Annex. 2 HORIZONTALLY SEPARATED CARRIAGEWAYS. 

PLAN VIEW 

......................... 1 
-- - - - - - - -- - 

Sniirre l ine / 

t Gardens Low wall 

.........................*.*... ....................................... 
Pavement /Edge of nearside carriageway 

-- - --------- -- - - - - 
Nearside carriageway 

Source line 4:rside carriageway Effective edge of farside carriageway 
_ _ _ _ _ -  / ---- --- - - - - - -- 

Pavement Farside kerb 
O O O b O  0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 l 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

Brick Wall / 

CROSS - SECTION AA' 

8m 

z, 
Farside carriageway 

,,Brick Wall 

8-i- 

Key: R - Reception point 
L A  

6m 

Z 
1 

S, - Source position segment 1 
S, - Source position segment 2 

- Absorbent ground cover 
z, - Non-absorbent ground cover 

8m 

Z l  
L 

Nearside carriageway Central reservation 

0.5m Low \wall 

c 
C 
0, 

i 
m a 

Segment 1: H = 0.5(1 + 3.5) = 2.25m 

Percentage of absorbent ground = g x 100 M 67 VO ; I.= 0.75 4 

Segment 2: H = 2.25m 

Percentage of absorbent ground =r x 100% 48% ; I = 0.50 4 + 6  
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ANNEX 2. HORIZONTALLY SEPARATED CARRIAGEWAYS 
OBJECT: To predict the value of Llo (18-hour) at a reception point I m  from the facade and at 1st floor level, 4m 
above the ground. 

STAGE 1.  SEGMENT ROAD SCHEME: The central reservation between the carriageways is greater than 5m and 
each carriageway needs to be treated as a separate segment (para 13.1). Segment 1 is the nearside carriageway and 
segment 2 is the farside carriageway. 

STAGE 2. BASIC NOISE LEVEL: The road is on a gradient, the farside carriageway carrying the upward flow of 
traffic. Traffic speed is measured and no adjustment AV is required (para 14.4). The gradient correction is only 
applied to the upward flow (para 15). As the road surface is impervious and traffic speed less than 75 km/h a surface 
correction is required (para 16.1). 

Traffic flow Q 
vch/l8-hour day 

Traffic speed V kmlh 
Heavy vehicles p % 

Gradient G 5% 

Road surface 

SEGMENT I 
I 

26000 

65 
22 

3.3 
down 

26000 

22 

3.3 
UP 

Chart 3 
Lj0 (IS-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 
I Impervious 

SEGMENT 

+3.2 +3.2 

STAGE 3. PROPAGATION: For segment 2 the effective edge of the farside carriageway is 7m in from the far kerb 
(para 13.1). Propagation is unobstructed, and the calculation of H and I are shown on the figure opposite. 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 6 m 

SEGMENT 

1 1  2 

3.: I 32; 

2.25 
0.75 

2.25 
0.50 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

SEGMENT 

I 

+1.2 

-0.4 

0 

+0.8 

2 

-2.6 

-0.8 

0 

-3.4 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). A reflection correction for the 21-13 high wall 
is required but only for segment 2 because it is only alongside this carriageway (para 26.2). 

Facade Correction dB(A) 

Opposite facade 
angle 8’ deg. reflection correction dB(A) +1.5 

Angle of view Chart 10 
segment 0 deg. 180 180 correction dB(A) 

Site Layout Correction dB(A) +2.5 +4.0 

STAGE 5. COMBINING NOISE LEVELS: 
SEGMENT 

Basic Noise Level dB(A) 

Propagation Correction dB(A) -3.4 

Site Layout Correction dB(A) +2.5 +4.0 

Rounding to the nearest whole number: 

Noise Contribution dB(A) 

Chart 1 1  Combined Noise Level dB(A) 

Predicted value of LlO (18-hour) is 81 dB(A) 
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Annex. 3. 
PLAN VIEW 

ROAD ON A GRADIENT. 

0 , ’ 
/ . / . . / 

/ . / 
0 

/ 
/ 

/ 0 Contribution from this segment / . , is negligible due to screening 
/ / 

/ ’ /  . 
d=50m 

, . by brow of hill 
/ ’ 

, / ’  

0 / ’  , 

CROSS-SECTION AA‘ 
I 
I I 

4 b I 4  Segment 2 5% gradient +I Segment 1 0 O/o gradient 

I -4 
I I /-,--o;‘s I 

I *- I 
I I 
I 

Source line Si I -/- -- +----- _--- 
hgf -  - - - --% 

Extended source line segment 2 

CROSS-SECTION RS 
d = 5 0 m  

Grassland 

RS, = slant distance segment 1 
RS,= slant distance segment 2 

Segment 1 

Segment 2 

h = 4 - 0.5 = 3.5m 

H = 0.5(1 + 3.5) = 2.25m 

I = 1 (Grassland) 

d = 50m 

h = 3.5 + hg = 3.5 +U = 5.5m d = 50m 
100 

H = 0.5( 1 + 3.5) = 2.25m 

I = 1 (Grassland) 

(Calculated along bisector of segment angle, RP, and 
assuming the ground slopes uniformly towards the 
reception point) 
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ANNEX 3. ROAD ON A GRADIENT' 

70 
10 

OBJECT: To predict the value of Llo (18-hour) at a reception point l m  from the facade and at 1st floor level, 4m 
above the ground. 

STAGE 1. SEGMENT ROAD SCHEME: The road scheme is divided into three segments. Segment 1 contains part of 
the road with zero gradient. Segment 2 contains part of the road with 5% gradient. Segment 3 contains the remaining 
part of the road screened by the intervening ground, its contribution is negligible and ignored in the calculation. 

STAGE 2. BASIC NOISE LEVEL: The road is classified as a single carriageway with a 50 mph speed limit. Segment 
2 has a gradient with an estimated speed of 70 km/h, an adjustment AV is required (para 14.3). Traffic speeds are 
less than 75 km/h and both segments have impervious road surfaces, a surface correction is required (para 16.1). 

65.3* 
10 

SEGMENT SEGMENT 

2 1 

Traffic flow Q 
veh/lS-hour day 

Traffic speed V krnlh 
Heavy vehicles p % 

Chart 3 
Ll0 (IS-hour) dB(A) 14000 I 14000 70.6 

+1.8 

0 

-1.0 

70.6 

+1.4 

+1 .5  

-1.0 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

Gradient G 70 

Road surface 

* Chart 5 AV = 4.7 km/h 

Impervious 

71.4 72.5 

STAGE 3. PROPAGATION: Propagation is unobstructed and the ground cover is grassland. For segment 1 the 
intervening ground is flat. For segment 2 the distance correction is calculated by extending the nearside edge of the 
carriageway (para 18) and ground attenuation is calculated along the bisector of the segment angle, see diagram 
opposite (para 20.2). 

I SEGMENT SEGMENT 

2 1 

50 
3.5 

2.25 
1 

2 

50 
5.5 

2.25 
1 

1 

-6.0 

-3.4 

0 

-9.4 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H rn 
Absorbent ground cover I 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

-6.0 

-3.4 

0 

-9.4 

Barrier path difference 6 rn 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 
SEGMENT I SEGMENT I 
1 

Facade 

Opposite facade 
angle 8' deg. 

Angle of view 
segment 8 deg. 

correction dB(A) 

0 

127 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

0 

40 

STAGE 5. COMBINING NOISE LEVELS: 

I SEGMENT 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

-9.4 -9.4 

+1.0 -4.0 

63.0 _ _ _ _ _ _  _ _ _ _ _ _ _ _  Noise Contribution dB(A) 

Chart 1 1 Combined Noise Level dB(A) I 64.5 

Predicted value of Llo (18-hour) is 65 dB(A) 
Rounding to the nearest whole number: 
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Annex.4 USE OF A TWO SEGMENT APPROXIMATION FOR A 
CURVED ROAD. 

Edge of nearside kerb 

line 

Segment 1. h = 3.5m d = 60m 
H = 0.5(1 + 3.5) = 2.25m I = 1 (Grassland) 

Segment 2. h = 3.5m d = 40m 
H = 0.5(1 + 3.5) = 2.25m I = 1 (Grassland) 
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ANNEX 4. USE OF A N O  SEGMENT APPROXIMATION FOR A CURVED ROAD 

OBJECT: To predict Llo (18-hour) value at a reception point lm from the facade and 4m above the ground. 

STAGE 1. SEGMENT ROAD SCHEME: The curved road can be approximated, in this case, by two straight road 
segments. The segment boundary is determined by the point C where the two effective source lines intersect see 
diagram opposite. 

STAGE 2. BASIC NOISE LEVEL: The road is subject to a speed limit of 30 mph. There is no gradient and no 
adjustment AV is required. The road surface is impervious and a surface correction is required as traffic speed is less 
than 75 km/h (para 16.1). 

I SEGMENT 1 SEGMENT 

1 2 

Traffic flow Q 
vehll8-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

7000 

50 
5 

0 

7000 

50 
5 

0 

Chart 3 
L,c, (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

Gradient G % 

Road surface Impervious 

STAGE 3. PROPAGATION: Propagation is unobstructed and the intervening ground cover is flat grassland. For 
Segment 2 the distance correction is calculated by extending the edge of the nearside carriageway (para 18). 

SEGMENT SEGMENT 
1 

60 
3.5 

2.25 
1 

2 1 

-6.7 

-3.8 

0 

-10.5 

2 

-5.1 

-2.9 

0 

-8.0 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

40 
3.5 

2.25 
1 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

Barrier path difference 6 m 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 

I SEGMENT SEGMENT 

correction dB(A) 

2 

0 

33 

1 

0 

80 

2 
+2.5 

0 

-7.4 

-4.9 

Facade 

Opposite facade 
angle 8’ deg. 

Angle of view 
segment 8 deg. 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) -1.0 

STAGE 5. COMBINING NOISE LEVELS: Fl -10.5 

-1.0 -4.9 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level dB(A) 1 56.5 1 ---_-__ 54.1 J _ _ _ _ _ _ _ _  52.7 

Rounding to the nearest whole number: 
Predicted value of Llo (18-hour) is 57 dB(A) 
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Annex 5. EXTENDED SOURCE LINE PASSING CLOSE TO RECEPTION 
POINT. 

For both sites A and B. 

Segment 1 .  
h = 3.5m. d = 27.5m 
H = 0.5(1 + 3.5) = 2.25m 
I = 1 (Grassland) 

Segment 2 
h =  3.5m d =  10m 
H = 2.25 I = 1. (Grassland) 

\ 
Source line 

SEGMENT 1 - - - _ - - - - _ - - - -  - - - -  

Edge of /- 
nearside carriageway 

Source line 4 I  

carriageway 

. - 1 -  - - - --  - - -P 
Extended effective edge ’ of nearside carriageway 

/ I of segment 2 for site B. 

1 / 

/ 
Extended effective 
edge of nearside 
carriageway of segment ,;- Extended source line segment 2. 

. I -  

/ 
for site A 

/ 
/ 

The extended source line for segment 2 passes through the reception point R and precludes the use of Chart 7 (valid 
for d 2 4m). Two imaginary reception points A and B are chosen close to and either side of R so that this anomaly 
does not occur ie. at the reference distance d = 1 Om. The noise level at R is obtained by averaging the predicted 
values for sites A and B. 
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ANNEX 5. EXTENDED SOURCE LINE PASSING CLOSE TO RECEPTION POINT 
OBJECT: To predict the Llo (18-hour) value at a reception point lm  from a facade and 4m above the ground. 
STAGE 1. SEGMENT ROAD SCHEME: The road is curved and is approximated by two straight line segments. The 
segment boundary is determined by the point C where the two effective source lines intersect. For segment 2 the 
distance correction precludes the use of Chart 7 (d<4m). Two imaginary reception points A and B are chosen, 
either side of R where for segment 2, d24m. 
STAGE 2. BASIC NOISE LEVEL: The road is subject to a speed limit of 30 mph. There is no gradient and no 
adjustment AV is required. The road surface is impervious and a surface correction is required as traffic speed is less 

A 

than 75 km/h (para 16.1). 

B 

_tB SEGMENT SEGMENT 

1 

61.3 

-5.7 

+1.2 

62.8 

2 1 2 

61.3 61.3 67.3 

-0.4 -5.1 -0.4 

-9.3 -0.4 -5 .1  

57.6 61.2 61.2 -------_--___________________ 

63.9 64.2 
--------_-_-_________________ 

B 

SEGMENT - 
2 

68.1 

+0.2 

0 

-1.0 

- 
1 

68.1 

+0.2 

0 

-1.0 

- 
61.3 

- 
2 

68.1 

+0.2 

0 

-1.0 

- 
61.3 

- 
1 

68.1 

+0.2 

0 

-1.0 

Traffic flow Q 
veh/18-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Chart 3 
Llo (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Gradient G % 

Road surface Impervious 

Basic Noise Level dB(A) 67.3 61.3 

STAGE 3. PROPAGATION: Propagation is unobstructed and the intervening ground cover is flat grassland. . -  
A B U SEGMENT SEGMENT SEGMENT SEGMENT 
- 

2 
- 

2 
- 

I 
- 

1 

Shortest horizontal 
distance d m 
Height relative 
to source h m 

27.5 

3.5 

2.25 
1 

10 

3.5 

2.25 
1 

27.5 

3.5 

2.25 
1 

10 

3.5 

2.25 
I 

Chart 7 
correction dB(A) 

Average height of propagation 
H m  
Absorbent ground cover I 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

Barrier path difference 6 m 

STAGE 4. SITE LAYOUT A facade correction is required (para 26.1). 
A 

SEGMENT 

B 

SEGMENT 

12 93 7, 1 1 2 

+2.5 
- 
+2.5 Facade 

Opposite facade 
angle 0' deg. 

Angle of view 
segment 0 deg. 

correction dB(A) 

reflection 
correction dB(A) 

Chart 10 
correction dB(A) 

0 

132 

0 0 

-1.3 -11.8 

+1.2 -9.3 Site Layout Correction dB(A) 

STAGE 5. COMBINING NOISE LEVELS: 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level 
dB(A) 

Average Noise Level dB(A) 
Rounding to the nearest whole number: 

Predicted value of Llo (18-hour) is 64 dB(A) 
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Annex. 6 PROPAGATION OVER MIXED GROUND COVER 

d = 90m 

I / 
/ 

/ 
Edge of 
nearside 
carriageway / 

/ 
I 

I 

The ground cover on either side of the pond is flat grassland and may be treated as a single segment, 

Segment 1,  with an angle of view = 97" + 42' = 139O 

Segment 1.  d = 90m 
h = 3.5m 
H = 0.5(1 + 3.5) = 2.25m 
I = 1 .O (Grassland) 

Segment 2. d = 90m 
h = 3.5m 
H = 2.25m 
I = 0.75 (the percentage of absorbent ground is between 60 - 89Vosee para 20.4). 
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ANNEX 6. PROPAGATION OVER MIXED GROUND COVER 

OBJECT: To predict the Llo (18-hour) value at a reception point lm  from a facade and 4m above the ground. 

STAGE 1. SEGMENT ROAD SCHEME: Most of the intervening ground cover is grassland and therefore absorbent 
while the pond is designated as non-absorbent, para 20.1. The angle of the view subtended by the pond at the 
reception point defines the boundary of segment 2. The area either side of segment 2 can be treated together by 
combining their angles of view to form segment 1 (paras 20.3 and 20.4). 

STAGE 2. BASIC NOISE LEVEL: The road is a single carriageway subject to a speed limit of 50 mph. There is no 
gradient and no adjustment AV is required. The road surface is impervious and a surface correction is required as 
traffic speed is less than 75 km/h (para 16.1). 

Traffic flow Q 
veh/l8-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Gradient G % 

Road surface 

SEGMENT 

1 

20000 

70 
15 

0 

- 
2 

2000c 

70 
15 

- 

0 

Impervious 

Chart 3 
L,,, (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

SEGMENT 

1 

72.1 

+2.6 

0 

-1.0 

73.7 

2 

72.1 

+2.6 

0 

-1.0 

73.7 

STAGE 3. PROP. .GATION: Propagation is unc,,.ructec. .md the intervening ground cover is flat. For Segment 2 it 
is estimated that the percentage of absorbent ground is between 60-89% and a value of I = 0.75 is used. (para 20.4). 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 6 m 

SEGMENT 

1 

90 
3.5 

2.25 
1 

2 

90 
3.5 

2.25 
0.75 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 
SEGMENT 

correction dB(A) 

reflection correction dB(A) 

Chart 10 
139 34 correction dB(A) 

Site Layout Correction dB(A) 

Facade 

Opposite facade 
angle 8’ deg. 

Angle of view 
segment 0 deg. 

STAGE 5. COMBINING NOISE LEVELS: 

Rounding to the nearest whole number: 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level dB(A) 

SEGMENT 

1 

-8.4 

-4.6 

0 

-13.0 

2 

-8.4 

-3.5 

0 

-11.9 

I SEGMENT 

SEGMENT 

62.1 

63.3 

Predicted value of Llo (18-hour) is 63 dB(A) 
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Annex. 7 ELEVATED ROAD WITH GRASS BANKS. 

PLAN OF SITE 

Source line 
C-l 

- - A S  - / - 
I 
I 
I 

- - - - - - - - -  - _  - -  _ -  - - - _  - - 

Edge of nearside carriageway / 
/ 

/ 
/ 

/ 
/ 

/ 
/ U 

/ 
/ 

/ 
/ 

/ 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

R $eception point 
I 
I 

C ’ d  

CROSS-SECTION OF SITE CC: 

3.5m 2.5m 7.5m 50m 

CONDITION 1: d = 60m 
h = 4 - 3.5 = 0.5m 

H = 2 6(0.5 + 0.5) 
63.5 ( 2 

= 3.29m 

I = 1 (Grassland) 

CONDITION 2: 

7.5 (0.5 + 3.5) + 50(3.5 + 3.5) 0.5 
+ 2 2 )+T 

Path difference = SB + BR - SR 
= (0.5’+ 6’) !5 + (1’+ 57.5*) 

= 0.028m 

- (0.5’+ 63.5’1% 
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ANNEX 7. ELEVATED ROAD WITH GRASS BANKS 

OBJECT: To predict the Llo (18-hour) value prior to the development of residential houses. A reception point is 
chosen lm  from the most exposed part of the proposed eligible facade and is 4m above the ground (para 8). 

STAGE 1. SEGMENT ROAD SCHEME: The site is open with no changes in traffic variables or propagation 
conditions. The road can therefore be treated as a single segment. 

STAGE 2. BASIC NOISE LEVEL: The road is classified as a dual carriageway with a speed limit of 50 mph. There is 
no gradient and no adjustment AV is required. The road surface is impervious and a surface correction is not 
required as traffic speed is greater than 75 km/h (para 16). 
Traffic flow Q 
veh/lS-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Gradient G % 

Road surface 

35000 

80 
10 

0 

Impervious 

Chart 3 
Llu (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

74.5 

+2.6 

0 

0 

77.1 

STAGE 3. PROPAGATION: The road is elevated on a grass embankment. The view of the source line is 
unobstructed but the propagation path passes close to the edge of the embankment. The intervening ground cover is 
absorbent. The propagation correction is therefore calculated assuming ground attenuation (Condition 1) or that 
the embankment provides screening with the reception point in the illuminated zone (Condition 2), para 22.3. 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 6 m 

CONDITION I 

60 
0.5 

3.29 
1 

2 

60 
0.5 

0.028 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

CONDITION 

0 -2.4 

-9.5 -9.1 

STAGE 4. SITE LAYOUT: Since residential development is planned a correction for the facade will normally be 
required (para 26.1). 

Facade 

Opposite facade 
angle €I' deg. 

Angle of view 
segment 8 deg. 

CONDITION 

1 

0 

122 

2 

0 

122 

correction dB(A) 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

CONDITION 

1 

+2.5 

0 

-1.7 

+0.8 

2 

+2.5 

0 

-1.7 

+0.8 

STAGE 5. COMPARING NOISE LEVELS: 
I CONDITION I 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Level dB(A) 68.4 

The level redicted assuming the edge of the embankment acts as a barrier is higher than the level predicted assumingground attenuation. The 
lower of tge two noise levels is adopted for prediction purposes, giving a value of 68.4 db(A). 

Rounding to the nearest whole number gives: 
Predicted value of Ll0 (18-hour) is 68 dB(A) 
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Annex. 8 ROAD W T H  PURPOSE - BUILT NOISE BARRIER 

PLAN OF SITE 

C 9  Source line 
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- !S - - - - - _ _ - - - - - - - - _ _ - _ _ _  
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R I Reception point 

/ 
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/ 
/ 

/ 
/ 

/ 
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/ 
/ 

0 
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0 
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0 
0 

/ 
/ 

R 

Noise barrier path difference, 6 = SB + BR - SR 

= (2.5’+ 8.5’)’’ + (1’+ 37’)+ - (3.5’+ 45.5’)$ 

= 0 .239m 

Safety fence path difference < 0.001 m 
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ANNEX 8. ROAD WITH PURPOSE-BUILT NOISE BARRIER 
OBJECT: To predict the Llo (18-hour) value 1 m from the rear facade of a dwelling. Reception point is4m above the 
ground. 
STAGE 1. SEGMENT ROAD SCHEME: Propagation is obstructed by a noise barrier which defines the boundaries 
of segment 1. A safety fence also runs along the whole length of the road. The segments either side of segment 1 can 
be treated as a single segment by combining their angles of view subtended at the reception point to form segment 2. 
The remainder of the site is effectively shielded by houses and may be ignored. 

STAGE 2. BASIC NOISE LEVEL: Although the road is on a gradient no adjustment AV is required as the traffic 
speed is measured. A surface correction is not required as traffic speed is greater than 75 km/h (para 16). 

SEGMENT I SEGMENT 

+0.9 

Traffic flow Q 
veh/Whour day 

Traffic speed V kmlh 
Heavy vehicles p % 

Chart 3 
Llo (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

6300 I 6300 

91 
12 

91 
12 

Gradient G % 

Road surface 

3 1  3 

Impervious 

STAGE 3. PROPAGATION: Segment 1 consists effectively of two barriers (para 22.4) but the screening due to the 
safety fence is small compared with the noise barrier and may be ignored. 
For segment 2 the screening due to the safety fence is assumed greater than that offered by ground absorption (para 
22.3). All path differences are calculated in the same vertical plane as the distance correction (para 21). 

I SEGMENT SEGMENT 

2 

42 
3.5 

c.001 

1 

-5.3 

0 

-11.2 

- 16.5 

2 
Shortest horizontal 
distance d m 
Height relative to source h m 3.5 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 6 m 1 0.239 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

-5.3 

0 

-5.0 

- 10.3 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 
SEGMENT I SEGMENT 7 -4.6 

1 1 2 

Facade 

Opposite facade 
angle 0’ deg. 

Angle of view 
segment 0 deg. 

correction dB(A) +2.5 

0 

-3.3 

-0.8 

0 

84 

0 

35 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

STAGE 5. COMBINING NOISE LEVELS: 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level dB(A) I 59.0 

Rounding to the nearest whole number: 
Predicted value of Llo (18-hour) is 59 dB(A) 



Annex 9. CURVED ROAD WITH PURPOSE-BUILT NOISE BARRIER 

/ so 
ke 

E 
Noise barrier 

Edge of nearside 
/ barrier, 

segment 1 .  
carriageway Segment 1. \ 8 

/ 
\ , 

\ 
\ / Extended 

urce line, 
rb and 

Extended source line, 
kerb and barrier, 
segment 2. ----- ---- - --- - - - - - 

Segment 1. Cross-section through RS, 

R 

- I 

=;- Extended equivalent 
barrier *I 

0.5m : 
+I 45m I- 

Path difference= S,B,+B,R-S,R 

= (2.5’+ 1 € 1 . 5 ~ ) ’ ~  + (12+45’)%- (3.5‘+ 63.5’)’’ 

= 0.083m.  

Segment 2. Cross section through RS, 

Path difference = S,B,+B,R-S,R 

= (2.5’+ 18.52)k+ (12+ 77’)4 - (3.5’+ 95.5’).5 

= 0.1 1 1  m. 
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ANNEX 9. CURVED ROAD WITH PURPOSE-BUILT NOISE BARRIER 
OBJECT: To predict the Ll0 (18-hour) value at a reception point 4m above the ground and lm  from a facade. 

STAGE 1. SEGMENT ROAD SCHEME: The road is curved and may be approximated by two straight segments. 
The intersection of the source lines, C, defines the boundary of the two segments. A barrier runs parallel to the 
source line. The barrier is long so that the contribution from the segments at the extreme edges of the site can be 
ignored. 

STAGE 2. BASIC NOISE LEVEL: Traffic speed is measured. The road has zero gradient and no adjustment AV is 
required. A surface correction is not required as the traffic speed is greater than 75 km/h. 

I SEGMENT SEGMENT 

1 

7200 

85 
11 

0 

2 

7200 

85 
11  

0 

2 

67.7 

+3.2 

0 

0 

70.9 

Chart 3 
L,,, (18-hour) dB(A) 

Traffic flow Q 
vehll8-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

1 +3.2 

I 0  
Gradient G % 

Road surface l 0  correction dB(A) Impervious 

Basic Noise Level dB(A) p- 
STAGE 3. PROPAGATION: For both segments propagation is obstructed by a noise barrier. To calculate the 
distance correction and the path difference for each segment it is necessary to extend the edge of the nearside 
carriageway together with the source line and the barrier as shown in the diagram opposite (see para 22.1). 

SEGMENT SEGMENT 

1 1  2 2 1 

T 0.083 0.111 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

-6.7 

0 

-9.0 

-15.7 

-8.5 

0 

-9.5 

-18.0 

Chart 9 
correction dB(A) Barrier path difference 6 m 

Propagation Correction dB(A) 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 

I SEGMENT SEGMENT 

-4.4 

1 2 2 

+2.5 

0 

-3.3 

-0.8 

Facade 

Opposite facade 
angle 8’ deg. 

Angle of view 
segment 0 deg. 

correction dB(A) 

0 

37 

0 

85 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

STAGE 5. COMBINING NOISE LEVELS: 

I SEGMENT 

-15.7 -18.0 

-4.4 -0.8 

50.8 _ _ _ _ _ _ _ _  

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level dB(A) I 54.5 

Predicted value of Ll0 (18-hour) is 55 dB(A) 
Rounding to the nearest whole number: 
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Annex 10. SCREENING DUE TO NOISE BARRIER WHICH IS NOT 
PARALLEL TO THE ROAD. 

- - S 
- -e  

RO bisects the angle of view of the barrier 

-- _ - - -  
c-- 

Cross-Section through SR. 

R ;;. Extended equivalent 
barrier ... ... ... ... ... . . .  ... ... .... ... .... ... .... . . .  .... .... ..... .... ..... ..... ..... 

* --  /-- ... 

.. . . .  ..... ..... ..... ...... ..... ...... . . . . .  ...... ...... ...... ...... ...... ...... ...... ...... I 
I 

I 

-/--- 

I- 

I /  

! E  

1-1-14 

/ /  

Im S -’- 
0.5m 

3.5m 20m 60m 

The path difference is calculated by extending the equivalent barrier Z,Z, to B which lies in the vertical plane 
through SR, such that 

path difference (6) = SB + BR - SR 
1 

= (2.5’+ 23.5’1% + (1 + (3.5’+ 83.5’)\ 

= 0.0681~1 
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ANNEX 10. SCREENING DUE TO NOISE BARRIER WHICH IS NOT PARALLEL TO 
THE ROAD 
OBJECT: To predict the L ~ o  (18-hour) value 1m from a facade and 4m above the ground. 
STAGE 1. SEGMENT ROAD SCHEME: Propagation is obstructed by a noise barrier which defines the boundaries 
of segment 1. The barrier is not parallel to the source line. A preliminary investigation reveals that the variation of 
barrier potential calculated for equivalent barriers parallel to the source at various points along the length of the 
barrier differs by less than 2 dB(A) and therefore further subdivision is not necessary (para 11). Segment 2 consists 
of the remaining segments where propagation is unobstructed. 
STAGE 2. BASIC NOISE LEVEL: Traffic speed is measured. The road has zero gradient and no adjustment AV is 
required. A surface correction is not required as the traffic speed is greater than 75 km/h. 

SEGMENT I SEGMENT I r 82.6 ! 82.6 

1 2 

Traffic flow Q 
vehll8-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Chart 3 
Llo (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

Correction dB(A) 

Basic Noise Level dB(A) 

50000 

100 
30 

0 

50000 

100 
30 

0 Gradient G % 

Road surface Impervious 

STAGE 3. PROPAGATION: For segment 1 the barrier is rotated parallel to the source line about the bisector of the 
segment angle and extended so that the path difference is calculated in the same vertical plane as the distance 
correction (para 22.2). The intervening ground cover is grassland and flat. 

SEGMENT SEGMENT 

1 

-7.9 

0 

-8.7 

2 

-7.9 

-4.4 

0 

- 12.3 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

2.25 

0.068 Barrier path difference 6 m 

-16.6 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 
SEGMENT SEGMENT zfz 2 1 

0 

25 

Facade 

Opposite facade 
angle 0’ deg. 

Angle of view 
segment 0 deg. 

correction dB(A) 

0 

125 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

0 

-8.6 

0 

-1.6 

STAGE 5. COMBINING NOISE LEVELS: 
SEGMENT 

71.2 

71.5 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level dB(A) 

Rounding to the nearest whole number: 
Predicted value of LIO (18-hour) is 72 dB(A) 
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Annex 11. ROAD SCREENED BY W O  NOISE BARRIERS 

- SEGMENT 1 

- I / t Barrier 1 / 
B, 

I + SEGMENT 2 - SEGMENT 3 
/ 

\ -- ---- 
...... ...... ................. ................ ................. ................ ................. ................ ................. ................ . . . . . . . . . . . . . . .  

...... 

Barrier 2 
extended to cut 
SR at 8 2  

d = 6 0 m  

Cross-Section through SR. 

Extended equivalent barrier 

I / 
/ I / 

/ / 
1 / 

15m 42.5 m Iu1-1- 3.5m 2.5m 

Barrier 1.  Path difference = SB, + B, R - SR 

= (1.5’+ 6’)’z + (2’+ 57.5’1’2 - (3.5’+ 63.5’)% 

= 0.1 23m 

Barrier 2. The barrier is extended to meet the vertical plane through SR at B, 
Path difference = SB,+ B,R - SR. 

= (2.5’+ 212)$ + (1 + 42.5’)k - (3.5’+ 63.5’)+ 

= 0.064m. 
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ANNEX 11. ROAD SCREENING BY TWO NOISE BARRIERS 
OBJECT: To predict the Llo (18-hour) value at a reception point l m  from a facade and 4m above the ground. 

STAGE 1. SEGMENT ROAD SCHEME: As the degree of screening varies along the road length the road scheme is 
segmented at each point along the source line where the screening changes with respect to the position of the 
reception point, see figure opposite. Both barriers extend off the plan. At the extreme edges of the site further 
screening is provided by houses and the contribution to the overall noise level from these segments is negligible. 

STAGE 2. BASIC NOISE LEVEL: The road is a singlecarriageway subject to a speed limit of 50 mph. There is no 
gradient and no adjustment AV is required. The road surface is impervious and a surface correction is required as 
traffic is less than 75 km/h (para 16.1). 

SEGMENT SEGMENT 
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+1.8 
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-1.0 
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correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

Gradient G % 

Road surface ipervious 

STAGE 3. PROPAGATION: For all segments the propagation is obstructed by noise barriers. For segment 2 both 
barriers provide screening and the potential barrier correction is calculated in accordance with para 35 where: 
AA = -9.7 dB(A); AB = -8.6 dB(A); M = 15m; d = 60m; and J = 0.7. 

I SEGMENT SEGMENT 

T 0. I23 

2 3 3 1 

-6.7 
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- 16.4 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 
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0.064 

Chart I 
correction dB(A) 

Chart 8 
correction dB(A) 
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correction dB(A) 

para 35 correction dB(A) 

Propagation Correction dB(A) 
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-8.6 

0 

Barrier path difference 6 m 
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-17.6 -15.3 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). 
SEGMENT SEGMENT I 

2 
+2.5 

0 

-6.6 

3 

+2.5 

0 

-8.4 

3 

Facade 

Opposite facade 
angle 8’ deg. 

Angle of view 
segment tl deg. 

correction dB(A) 

0 

26 

reflection correction dB(A) 
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correction dB(A) 

Site Layout Correction dB(A) 

100 39 

-4.1 -5.9 

STAGE 5. COMBINING NOISE LEVELS: 
SEGMENT 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

-16.4 -17.6 -15.3 

-0.1 -4.1 -5.9 

45.2 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  Noise Contributions dB(A) 

Chart 11 Combincd Noise Level 
dB(A) 

52.6 

Rounding to the nearest whole number gives: 
Predicted value of LIO (18-hour) is 53 dB(A) 
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Annex 12 SCHEMATIC EXAMPLE OF SCREENING BY FLAT-TOPPED 
BUILDINGS 
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. 0 Of?T= 
Effective 
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- *I -Building outline 

Edge of nearside carriageway -. 
w -  

3.5m 17m 24m 
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ANNEX 12. SCHEMATIC EXAMPLE OF SCREENING BY FLAT-TOPPED 
BUILDINGS 

OBJECT: To predict the potential barrier correction for an &metre high flat-topped building erected 15m from the 
nearside kerb. Note that this procedure is not usually required when evaluating ridged buildings as the ridge itself 
will generally define the equivalent barrier configuration. 

PROCEDURE: (i) On a scaled cross-section draw a line from the effective source position S (3.5m in from the edge 
of the nearside kerb and 0.5m high) to pass through the near top edge of the building. 

(ii) Draw a line from the reception point R (4m above the ground and 41m from the edge of the 
kerb) through the other top edge of the building and extend this to intersect the above line at B. 

(iii) Scale off the height and position of the equivalent barrier from the intersection point B of the 
above two lines. 

In the example given the effective height of the equivalent barrier is estimated to be 8.8m and the effective position 
of the equivalent barrier is 17m from the edge of the nearside kerb. 

Having determined the equivalent barrier configuration it will, in general, still be necessary to calculate the path 
difference rather than to use graphical evaluation as the latter method is likely to lead to significant error (the path 
difference is the difference between two relatively large numbers). 

For this example: 

path difference = SB + BR - SR 
= (8.3’ + 20.5’) ’’’ + (4.8’ + 24’)”’ -(3.5’ + 44.5’)’” 
= 1.954m 

Chart 9. Potential barrier correction = -18.1 dB(A) 

The remainder of the prediction procedures are illustrated by various other examples in these Annexes. 
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Annex 13. SIDE ROAD LEADING OFF A MAJOR ROAD WITH HOUSES 
FLANKING MAJOR ROAD. 

I 
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I I 

I 
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Edge of 
nearside 
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I / 
I I 

Reception point . f 

E 

II 
(I) 
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/ I 

Total angle of view of opposite facades = 6O+ 9'= 15' 
15 The reflection correction due to opposite facades = - x 1.5 = 0.9 dB(A) 25 
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ANNEX 13. SIDE ROAD LEADING OFF A MAJOR ROAD WITH HOUSES 
FLANKING MAJOR ROAD 

OBJECT: To predict the LIO (18-hour) value at a reception point lm from a facade and 4m above the ground. 

STAGE 1. SEGMENT ROAD SCHEME: The angle of view of the main road segment is limited by the side road 
aperture. The contribution to the overall noise level from other segments of the main road is negligible due to 
screening and may be ignored. For this example the contribution to the overall noise level from traffic in the side 
road is negligible. 

STAGE 2. BASIC NOISE LEVEL: The road is not subject to a speed limit of less than 60 mph. There is no gradient 
and no adjustment AV is required. A surface correction is not required as the traffic speed is above 75 km/h 
(para 16). 
Traffic flow Q 
veh/lS-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Gradient G % 

Road surface 

70000 

81 
20 

0 

Impervious 

Chart 3 
L,,, (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) U 81.7 

STAGE 3. PROPAGATION: There are no front gardens and the proportion of soft ground is estimated to be less 
than 10%, the intervening ground is flat. The value of I is therefore zero and no Chart 8 correction is required 
(para 20.4). 
Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 6 m 

64 
3.5 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) I 
STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). There are also facades on the opposite side 
of the traffic stream (para 26.2). 

I Facade 

Opposite facade 
angle 8' deg. 

Angle of view 
segment 8 deg 

I l5 

I 25 

correction dB(A) 

reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

STAGE 5. OVERALL NOISE LEVEL: There is only one road segment which contributes to the overall noise 
level. 

1p Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Overall Noise Level dB(A) I 69.5 

Rounding to the nearest whole number: 

Predicted value of Llo (18-hour) is 70 dB(A) 

c_ 
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Annex 14 LOW TRAFFIC FLOW ROAD AFTER THE OPENING 
OF A BY-PASS 

Effective source line 

- - J -  
Edge of nearside 
carriageway 

----- _ _ _ _ _ _ _ _ _  
d=4m 

0 Reception point 
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ANNEX 14. LOW TRAFFIC FLOW ROAD AFTER THE OPENING OF A BY-PASS 

71.1 

+0.7 

OBJECT: To predict the change in the Llo (18-hour) value at a reception point l m  from the facade and 4m above the 
ground due to the opening of a by-pass. 

~~ 

60.9 

-2.0 

STAGE 1. SEGMENT ROAD SCHEME: In both the ‘before’ and ‘after’ situations only the noise from traffic on the 
road outside the house is significant. The noise from traffic on the by-pass in the ‘after’ situation is negligible due to 
its distance away from the site. 

Site Layout Correction dB(A) 

STAGE 2. BASIC NOISE LEVEL: The road is a single carriageway with an impervious surface. For both the 
‘before’ and ‘after’ situations the traffic speed was measured and found to be less than 75 km/h and therefore a 
surface correction is required (para 16.1). The road has zero gradient. 

+4.0 I +4.0 

Traffic flow Q 
veh/l8-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Gradient G % 

Road surface 

I6000 

Impervious 

Chart 3 
Llo (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

BEFORE I AFTER 

O I 0  

STAGE 3. PROPAGATION: Propagation is unobstructed and the intervening ground is flat and there are no front 
gardens. The proportion of soft ground is less than 10% and no Chart 8 correction is required (I=O), see para 20.4. 

Chart 7 
correction dB(A) 

correction dB(A) 
2.25 2.25 Chart 8 

Shortest horizontal distance d m 
Height relative to source h m 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 8 m 
Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). A wall 2m high runs along the opposite side 
of the traffic stream and a reflection correction is required, para 26.2. 

Facade 

Opposite facade angle 8’ deg. 

Angle of view segment 8 deg. 

correction dB(A) 

I BEFORE 1 A F T E R 1  

I 180 1 180 I rcflection correction dB(A) I +IS I +IS I I Chart 10 I 180 I 180 correction dB(A) 

STAGE 5. COMPARING NOISE LEVELS: The traffic flow in the ‘after’ situation is less than 4000 veh/l&hr day 
and the shortest slant distance is less than 30m, a low traffic flow correction is required, para 30, Chart 12. D = 3.625 
and C = 0.375. 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) 

Chart 12 Low Traffic Flow 
Correction dB(A) 

Overall Noise Level dB(A) 

Predicted change in the LIO (18-hour) value = 76.9 - 62.3 = 14.6 dB(A) 
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76.9 
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57.9 

+2.1 

+4.0 

-1.7 
_ _ _ _ _ _ _ _ _ _ _ _ _  

62.3 
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Annex 15. END OF SCHEME 

EXIST1 NG SITUATION 

R Reception point 4 

FUTURE SITUATION 

-e------- --- 
l-hJ 35" 

Old Segment - 

Physical end of scheme / Source line 

I Improved Segment 

N.B. The central reservation for the improved segment is less than 5m wide and therefore both carriageways are 
considered to act as a single road and are treated in the calculation as a single segment. 
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G 
'b 

Traffic speed V km/h 

Gradient G % 
Heavy vehicles p % 

ANNEX 15. END OF SCHEME 
OBJECT: To predict the change in noise level Llo (18-hour) at a facade due to a road improvement scheme and to 
check entitlement under the Noise Insulation Regulations. 

50 50 60 
20 20 20 
0 0 0 

STAGE 1. SEGMENT ROAD SCHEME: The procedure is to calculate the existing noise level to give the prevailing 
noise level and then to calculate the maximum noise level within the 15 year period to give the relevant noise level. 
For the existing situation the prevailing noise level arises from a single road segment whilst, for the relevant noise 
level prediction, two segments are identified; the old segment, and the improved segment. 

EXISTING 
SITUATION 

STAGE 2. BASIC NOISE LEVEL: In this example the percentage of heavy vehicles is estimated to remain 
unchanged whilst the future mean speed on the new selection is increased from 50 to 60 km/h and the flow increased 
from 15,000 to 25,000 veh/l&hour day. The road surface is impervious and, as the speeds are less than 75 km/h. a 
surface correction is reauired fDara 16.1). The road has zero gradient. 

FUTURE 
OLD  IMPROVED 

EXISTING FUTURE 

15000 
Traffic flow Q 
veh/lS-hour day 

EXISTING 
SITUATION 

Chart 3 
Llo (18-hour) dB(A) 
Chart 4 

Chart 6 
correction dB(A) +2.0 

correction dB(A) 0 
correction dB(A) -1.0 

Basic Noise Level dB(A) 171.9 
STAGE 3. PROPAGATION: For both the existing and future situations propagation is unobstructed. As the 
nearside kerbline remains unchanged the distance correction remains unchanged. It is estimated that the percentage 
of absorbent ground is greater than 90% and therefore I = 1, (para 20.4) In other cases it  may be necessary to adopt 
a different distance from nearside kerb to take into account change in road width as, for example, has occurred on 
the opposite side of this road. _ _  

EXISTING FUTURE 

Shortest horizontal 
distance d m 
Height relative to source h m 

Chart 7 
correction dB(A) 

EXISTING FUTURE 
SITUATION OLD  IMPROVED 

I -1.3 I -1.3 I -1.3 

.25 I 2.25 I L''d'L I -0.9 I -0.9 I -0.9 I & ' -  'B(A) 
I I 

Propagation Correction dB(Aj -2.2 I -2.2 I -2.2 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). There are no substantial buildings on the 
far side of the road and therefore no further correction for reflection is required (para 26.2). 

EXISTING FUTURE 
SITUATION OLD I I M P R O V E D  

Facade 
Opposite facade 
angle 0' deg. 
Angle of view 
segment 0 deg. 

I I I I correction dB(A) 

reflection correction dB(A) 
Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

STAGE 5. COMBINING NOISE LEVELS: 

Basic Noise Level dB(A) 
Propagation Correction dB(A) 
Site Layout Correction dB(A) 

Prevailing Noise Level dB(A) 

Future Noise Contributions dB(A) 

Chart 1 1  Relevant Noise Level dB(A) 

In this case there is entitlement under the 1975 Regulations (para 6), viz: 
(i) RNL (rounded to the nearest whole number = 75 dB(A)) > 68 dB(A) 
(ii) RNL - PNL, (74.6 - 72.2 = 2.4 dB(A)) 3 +1.0 dB(A) 
(iii) RNL - 'Old', (74.6 - 73.5 = 1.1 dB(A)) 3 +1.0 dB(A) 

-0.9 -7.1 

+2.5 +1.6 -4.6 

EXISTING 

-2.2 -2.2 
+2.5 +1.6 

'URE 
MPROVEt 

74.7 
-2.2 
-4.6 

67.9 

1.6 

The example above illustrates that entitlement under the Regulations generally extends only a comparatively short 
distance beyond the end of scheme. In fact, by calculating for several different distances it was established, in this 
case, that entitlement extended some 28m beyond the physical end of the scheme. 
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Annex 16. EXAMPLES OF ROAD JUNCTIONS 
a) Light-controlled road junction 

I 

carriageway 

(i) Segment S: d = 9m : (ii) Segment W: d = 17m 
Angle of view = 38" 

Angle of reflection = 148" -38" = 1 10" Angle of reflection = 14' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8. . . . . .*. . . . . . . . . . .*. . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . .  

Angle of view = 148" 

N N 

I /Source 

I - --  I l e  line E w 
7 / 

/ I 
I / / 

d = 1 3 m  I 
I 

line 

Edge of nearside 
E A 1 carriageway -A- w 

I-  -- 

R 4  
0 

0 
0 

S 

/ 

(iii) Segment N: d = 13m : ( iV)  Segment E: d = 17m 

Angle of view = 38" Angle of view = 32" 
No reflecting facade opposite traffic stream 

' 
No reflecting facade opposite traffic stream 
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ANNEX 16. EXAMPLES OF ROAD JUNCTIONS. 
(a) A light-controlled road junction. 
OBJECT: To predict the value of Llo (18-hour) at a reception point l m  from a facade and 4m above ground in the 
vicinity of a light-controlled road junction. 

STAGE 1. SEGMENT ROAD SCHEME: In this example, the effective source lines for junction arms S and N are 
extended to intersect the source line WE at A and B respectively. Each arm of the junction is then treated as a 
separate segment as illustrated. NB Point A is chosen as the boundary between the W and E segments rather than B 
as this leads to a marginally higher overall noise level (see para 33) .  For this example the contribution to the overall 
noise level from road segments screened by buildings is assumed negligible. 

STAGE 2. BASIC NOISE LEVEL: In the region of the junction the estimated speed for traffic on that class of road 
is adopted rather than the actual speed of traffic crossing the junction. As the estimated traffic speed is less than 75 

S 

72.1 

+1.9 

0 
-1.0 

73.0 

km/h a surface correction is required (para 16.1). 
SEGMENT 

W N  E 

69.9 69.1 71.7 

+1.4 +0.2 +1.9 

0 0 0 
-1.0 -1.0 -1.0 

70.3 68.3 72.6 

Traffic flow Q 
veh/lS-hour day 
Traffic speed V km/h 
Heavy vehicles p % 

SEGMENT 

S W N  E 

Shortest horizontal 
distance d m 9 17 13 17 Chart 7 

Average height of propagation H m Chart 8 

Chart 9 

Height relative to source h m 3.5 3.5 3.5 3.5 correction dB(A) 

Absorbent ground cover I 

Barrier path difference 6 m 

correction dB(A) 

correction dB(A) 

Propagation Correction dB(A) 

ml 20000 12000 10000 18000 

SEGMENT 

S W N  E 

+0.2 -1.9 -1.0 -1.9 

0 0 0 0 

0 0 0 0 

+0.2 -1.9 - 1.0 - 1.9 

Impervious 
Gradient G % 
Road surface 

Basic Noise Level dB(A) 
Propagation Correction dB(A) 
Site Layout Correction dB(A) 

Noise Contribution dB(A) 

Chart 11 Combined Noise 
Level dB(A) 

Chart 3 
Llo (18-hour) dB(A) 
Chart 4 
correction dB(A) 
Chart 6 
correction dB(A) 
correction dB(A) 

Basic Noise Level dB(A) 

SEGMENT 

S W N  E 

73.0 70.3 68.3 72.6 
+0.2 -1.9 - 1 .O -1.9 
+2.7 -3.7 -5.0 -4.3 

75.9 64.7 62.3 66.4 ---_-__-__-__-__--_-------__-- 

76.8 

SEGMENT 

STAGE 4. SITE LAYOUT: For all segments a facade correction is required (para 26.1). Segments S and W require a 
reflection correction for facades omosite the traffic stream but no correction is reauired for segments N and E as 
there are no facades on the oppoiite side of the road (para 26.2). 

" 

Facade 
Opposite facade 
angle 8' deg. 
Angle of view 
segment 8 deg. 

I SEGMENT I I SEGMENT 

correction dB(A) 
reflection 
correction dB(A) 
Chart 10 I 148 I 38 I 32 I 38 1 correction dB(A) 

Site Layout Correction dB(A) 

S l W l N l  E 

+1.1 +0.6 



Annex 16. EXAMPLES OF ROAD JUNCTIONS. 
(b) A roundabout 

SEGMENT A: . 
Shortest horizontal distance = d, 
Angle of view = 6, 
N.B. A reflection correction for the facade on the opposite side of the traffic stream is required. 

(ii) 

-- 

Extended edge of nearside carriageway -’ 

SEGMENT B: 

Shortest horizontal distance = d, 
Angle of view = 8, 

(iii) 

Source line 
ROAD C 

-- - - 
of nearside 
carriageway 

Edge of nearside carriageway / +  - -- - - - - - \  I 7% 
\ 

\ 
. 

SEGMENT C: 

Shortest horizontal distance = dc 
Angle of view = & 

90 



ANNEX 16. EXAMPLES OF ROAD JUNCTIONS 
(b) A roundabout. 

A similar procedure as described in (a) is applied when dealing with roundabouts. The presence of the roundabout 
can be ignored and the road segments determined by extending the source line of B and C to intersect at X and the 
source line of A to intersect C at Y. The segment angle OA,  f 3 ~  and f 3 ~  are defined by the points of intersection of the 
source lines and the presence of buildings. It will be noted that source line B could have been extended to intersect 
source line A producing a slightly different configuration and slightly different segment angles. In practice the 
configuration leading to the highest overall noise level should be chosen. In most cases it will be necessary merely to 
maximise the segment angle defining the most important road segment. In this case, assuming similar traffic 
conditions for each road, it is likely to be the source line of road A. 

Having defined the segment angles, each arm of the junction is treated separately, the estimated speed for traffic on 
the class of road is adopted rather than the actual speed of traffic on the roundabout. 

NB In order to calculate the distance correction using Chart 7 it may be required to extend the edge of the nearside 
carriageway to calculate the shortest horizontal distance d as is the case for road segments B and C in the example. 



Annex 17. NOISE LEVEL BEHIND FIRST ROW OF HOUSES 
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65 
19 

0 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

ANNEX 17. NOISE LEVEL BEHIND FIRST ROW OF HOUSES 
OBJECT: To predict the value of Llo (18-hour) at l m  from the facade and 4m above the ground located behind a 
fairly uniform row of houses fronting onto a main road. 

STAGE 1. SEGMENT ROAD SCHEME: The angle of view of the road scheme is 180". As the row of houses 
screening the reception point is uniform the road scheme can be treated as two segments. The correction to the angle 
of view of the screened segment (1) is determined along a representative section of the centre of the road scheme and 
estimated to be y = 0.81, giving an angle of view of 180 x 0.81 = 146". Therefore the unscreened segment (2) has 
angle of view of 180 - 146 = 34" (see para 34.1). 

STAGE 2. BASIC NOISE LEVEL: The road surface is impervious and the traffic speed (measured) is less than 75 
km/h so a surface correction is reauired (Dara 16.1). 

\1 

SEGMENT I r SEGMENT 7 65000 

1 2 
Traffic flow Q 
veh/lS-hour day 

Traffic speed V krn/h 
Heavy vehicles p % 

Chart 3 
Llo (18-hour) dB(A) 65000 

65 
19 

0 

77.2 

+2.8 

0 

-1.0 

79.0 

Gradient G % 

Road surface 

Basic Noise Level dB(A) 179.0 
STAGE 3. PROPAGATION: For the screened segment (1) the ridge of the houses is taken as the position of the 
equivalent barrier and is estimated to be 7m high and 25.5m from the edge of the nearside carriageway. For the 
unscreened segment (2) the intervening ground is flat and predominantly gardens (>90%). Therefore the value of 

pagation, H, d :ermined along the segment bisector = 112 (3.5 + 1) = 2.25m. 
SEGMENT 

1=1 and the average height of pi 
SEGMENT 

1 2 2 

-7.9 

-4.4 

0 

-12.3 

1 

-7.9 

0 

- 14.3 

-22.2 

Shortest horizontal 
distance d m 
Height relative to source h m 

Average height of propagation H rn 
Absorbent ground cover I 

79 
3.5 

0.729 

79 
3.5 

2.25 
1 

Chart 7 
correction dB(A) 

Chart 8 
correction dB(A) 

Chart 9 
correction dB(A) 

Propagation Correction dB(A) 

Barrier path difference 6 rn 

STAGE 4. SITE LAYOUT: A facade correction is required (para 26.1). Also a reflection correction is required as 
there are houses on the opposite side of the traffic stream. As these houses are uniform and similar to those 
screening the reception point the reflection correction 
= y x 1:s = 1.2 dB(A)-(see para 34.2). 

Facade 

I SEGMENT I 

correction dB(A) 

Opposite facade 
Y 

Angle of view 
segment 8 deg. 

1 0.81 1 0.81 reflection correction dB(A) 

Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

I 146 I 34 -7.2 

-3.5 
STAGE 5. COMBINING NOISE LEVELS: 

I SEGMENT I 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Site Layout Correction dB(A) -3.5 

Noise Contribution dB(A) 

Chart 11 Combined Noise Level dB(A) 

Predicted value of Llo (18-hour) is 65 dB(A) 
Rounding to the nearest whole number: 



Annex 18. SCREENING DUE TO A ROAD IN A RETAINED CUT 

B =  15m 

.. .  

. . .  Reception point 1 
;VI/ ' 1_ I;;;;;; ;:;I; \r 

... ... . . .  . . .  . . .  ... 0 
' /  .. .  

E 

II 
U 

E 

II 

9 $ 
0 

3 

d =  16m 

I4 E = 30m )I 
N.B. Y 2 W and (x 3 W therefore A, = W = 3.0 

(x = 4.8m 
13 = 15.0m 
E = 30.0m 
Y = 5.5m 
W = 3.0m 
er = o o  
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ANNEX 18. SCREENING DUE TO A ROAD IN A RETAINED CUT 

Propagation Correction dB(A) 

OBJECT: To illustrate the procedure for predicting the potential barrier correction and containment effects for a 
road in a retained cut. 

-13.3 

STAGE 1. SEGMENT ROAD SCHEME: For the purpose of this example it can be assumed that the section of 
retained cut subtends an angle of 120" at the reception point. This segment constitutes the total angle of view of the 
road and is, therefore, the only segment to be considered. 

correction dB(A) 

STAGE 2. BASIC NOISE LEVEL: The road is subject to a speed limit of 70 mph with an estimated traffic speed of 
108 km/h. The road has zero gradient and no correction AV is required. As the traffic speed is greater than 75 km/h 
and the road surface is impervious, a surface correction is not required. 

+2.5 

Traffic fl6w Q 
veh/H-hour day 

Traffic speed V km/h 
Heavy vehicles p % 

Gradient G % 

Road surface 

108 
20 

0 

Impervious 

Chart 3 
Llo (18-hour) dB(A) 

Chart 4 
correction dB(A) 

Chart 6 
correction dB(A) 

correction dB(A) 

Basic Noise Level dB(A) 

STAGE 3. PROPAGATION: Propagation is c,structed by the screening wall of the retained cut. The path 
difference (8 = SB + BR - SR, see diagram opposite) is calculated and the potential barrier correction is found 
using Chart 9. The distance correction is found using Chart 7. 
Shortest horizontal 
distance d m 
Height relative to source h m 

Chart 7 
correction dB(A) 

Average height of propagation H m 
Absorbent ground cover I 

Barrier path difference 6 m 0.287 

Chart 8 
correction dB(A) I o  
Chart 9 

' correction dB(A) -11.6 I I 

Farside retaining wall 

Facade 

120 
Angle of view 
segment 0 deg. 

reflection correction dB(A) I +2.9 I 
Chart 10 
correction dB(A) 

Site Layout Correction dB(A) 

STAGE 5. OVERALL NOISE LEVEL: There is only one road segment which contributes to the overall noise level. 

-13.3 

Basic Noise Level dB(A) 

Propagation Correction dB(A) 

Y- i  Site Layout Correction dB(A) 

Overall Noise Level dB(A) I 69.5 1 
Rounding to the nearest whole number: 

Predicted value of L1o (18-hour) is 70 dB(A) 
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1. INTRODUCTION 

1.1.1 The construction of a temporary jetty has been proposed by the Applicant to 
facilitate the construction of the Silvertown Tunnel Scheme. If this option is 
selected by the Contractor, it would be used to assist in the transportation by 
river of bulk materials into and away from the Silvertown worksite. 

1.1.2 An envisaged arrangement for the temporary jetty has been used as a basis 
for the environmental assessment of effects of the jetty’s construction and its 
operation. 

1.1.3 The arrangement of the jetty, the environmental assessment of its 
construction, operation and removal, and the measures that have been 
taken by the Applicant to ensure river users are not unduly affected by it 
have been separately reported in a series of documents submitted into the 
Examination. 

1.1.4 The Examining Authority in written questions, and at the Issue Specific 
Hearing on the 18 January 2017 has requested that certain information be 
provided in respect of the marine piling which could be used for the jetty 
construction. 

1.1.5 The purpose of this technical note therefore is to respond to these requests 
for information from the Examining Authority through the provision of a high 
level description of the marine piling works that would be required for the 
construction of a temporary jetty as proposed in the DCO application. 

1.1.6 This technical note does not seek to introduce new information into the 
Examination, but rather to collate and signpost (through Table 1 below) 
information already made available, in a concise summary form, so as to 
directly respond to the questions and hearing agenda points raised by the 
Examining Authority.  

1.1.7 The envisaged methodology described in this technical note has been used 
as a basis for Scheme environmental assessment. As set out in Chapter 4 of 
the Environmental Statement, both the jetty design and construction 
methodology would be refined through the detailed design process, noting in 
addition that the jetty location would be limited to a prescribed area of the 
river Thames and that the jetty option may not ultimately be adopted. 
Furthermore, environmental controls of the detailed method of piling are 
secured through the Deemed Marine Licence, and the Protective Provisions 
for the benefit of the PLA and Environment Agency contained in the draft 
DCO. 
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Table 1: Document Summary  

Document Application 
Reference 

Subject Reference 

6.1 Environmental Statement APP-031  
 

Scheme design and 
mitigation 

10.5 
 

Assessment of impacts 10.6.1 – 10.6.96 
6.3 Environmental Statement – 
Appendix 4.A, Construction 
Method Statement 
 
 

 

APP-046  
 

General envisaged jetty 
construction methodology 

4.4.64-4.4.68, 4.4.71-
4.4.76 
 

Envisaged construction 
programme 
 

Appendix C 

Envisaged temporary 
jetty arrangement 

Appendix B. Drawing A.2: 
ST150030-ATK-ZZZ-ZZ-
DR-CE-3151, STWTN-
ATK-SGN-XXXX-DR-W-
0002 

Environmental Statement - 
Code of Construction Practice 

APP-092 Marine Ecology 8.1.1-8.1.2 

 In-river works 15.4.1-15.4.4 
Environmental Statement – 
Appendix 7.A, Navigational 
Issues and Preliminary Risk 
Assessment 

APP-054  
 

Impact of location of 
temporary jetty for safe 
berthing and approach 

3.8 

Mitigation measures 6.1.5-6.1.7, Table 6-1 
Mitigation of issues – 
Design 

6.2.1 

Envisaged Temporary 
Jetty Details 
 

Appendix C.1 

River Thames 
Transportation Envisaged 
Temporary Jetty 

Appendix C.2 

Work Plans APP-008  
 

Works Plans Regulation Key Plan, Sheets 3 

Draft DCO Revision 2 REP2-021  Schedule of Works Schedule 1, Authorised 
Development, Work No. 
20 

Protective Provisions for 
the EA 

Schedule 13, Part 5 

Protective Provisions for 
the PLA 

Schedule 13, Part 4 
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2. PILING LOCATION 
2.1.1 The proposed jetty is located on the northern bank of the River Thames 

within the Scheme’s Order Limits as shown in Figure 1. 

 

 

Figure 1: Proposed location of Temporary Jetty 

2.1.2 The jetty and associated piling works, will be contained within the envelope 
for Work 20A as shown in Figure 2. 

.  
Figure 2: Work 20A Envelope 

Proposed jetty 
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3. ENVISAGED PILING LAYOUT 
3.1.1 It is envisaged that the jetty would comprise a T-shaped structure which 

would span over the existing river wall. An indicative layout, used for the 
purposes of assessing the construction impacts, assumes a 60m long by 
70m wide jetty, formed of 25 tubular steel piles embedded into the river bed.  
Figure 3 below amplifies the envisaged jetty plan shown on the Proposed 
Temporary Jetty plan in the Engineering Section Drawings and Plans, Sheet 
23 of 23.   

 

Figure 3: Indicative Jetty Layout Plan 
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4. ENVISAGED DURATION AND HOURS OF 
WORKS 

4.1 Working Duration 

4.1.1 Subject to the appropriate approval of details (under the mechanisms 
described in 1.1.6) and other tasks being completed (e.g. detailed design, 
contract procurement, etc.), construction of the temporary jetty is anticipated 
to take place in the following sequence: 

 
• Dredging – November 2019  to December 2019 (Q4 2019) 

• Jetty construction – December 2019 to March 2020 (Q4 2019 & Q1 
2020). 

4.2 Working Hours 

4.2.1 Working hours for construction of the jetty and associated enabling works, 
would be: 

• from 08:00 to 18:00 on weekdays; 

• from 08:00 to 13:00 on Saturdays; and 

• no working on Sundays, bank holidays or public holidays. 

.  
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5. ENVISAGED CONSTRUCTION TECHNIQUE 
5.1.1 This section provides further detail to the information contained in paragraph 

4.4.72 of the Construction Method Statement (ES Appendix 4.A [APP-046]0.  

5.1.2 In constructing the jetty, tubular piles in the order of 1 metre diameter would 
be driven into the bed. The depth of pile penetration is envisaged to be 25m.  

5.1.3 In preparation for the piling operation some dredging and/or localised bed 
levelling around the jetty head would be undertaken to allow safe and 
suitable navigation for the vessels using the jetty over the required tidal 
conditions. 

5.1.4 The exact methods employed to undertake the pile driving operation will be 
determined by the appointed Contractor. The typical methods expected to be 
followed by the Contractor are vibration based piling and/or percussive 
based piling. 

5.1.5 All piling works, whether vibration or percussive based, shall be undertaken 
in accordance with the controls set out in section of 8.1.1 of the CoCP. 

5.1.6 Table 2 provides the construction techniques typically used for each 
geological material to be encountered during the piling works as assessed in 
the Schemes Environmental Statement. 

 
Table 2: Envisaged Construction Techniques 

Material Thickness, m 
Depth below 
ground (river 
bed) level, m 

Construction type 
Possible 
equipment 
type 

Alluvium 2 0-2 Vibration-piling 30vv Vibro 
River Terrace 
Deposits 2 2-4 Vibration-piling 30vv Vibro 

London Clay A 5 4-9 Vibration-piling, possibly 
with pre-auguring 30vv Vibro 

London Clay B 2 9-11 

Pre-auguring with 
vibration-piling and 
percussive piling follow, if 
necessary 

30vv Vibro / 
HPH 6500 or 
higher 

Harwich 
Formation  1.25 11-12.25 

Pre-auguring with 
vibration-piling or 
percussive driving  

HPH 6500 or 
higher 

Woolwich 
formation 

8.5 (6m sand, 
2.5m clay) 12.25-20.75 

Percussive driving  HPH 6500 or 
higher Reading beds 2 20.75-22.75 

Upnor 3.75 >26.5 
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5.1.7 Figure 4 shows the use of a percussive piling method during the installation 
of piles for the Emirates Airline that was constructed at a location adjacent to 
the Scheme. 

 

 

Figure 4: Percussive Piling being undertaken for Emirates Airline construction 

5.1.8 Piling works will likely be undertaken from a floating crane barge or a jack-up 
barge. Adjacent to the river walls, a jack-up barge will be required due to the 
fact there will only be sufficient water for a crane barge to operate 3 hours 
either side of High Water. Figure 5 shows a typical jack-up barge in 
operation.  

 

 

Figure 5: Jack-up Barge 
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5.1.9 The piling works may also be installed progressively outward from the 

foreshore eliminating the need for jack-up barges and crane barges, 
however, this is viewed as less likely as it would require the contractor to 
strengthen the river walls adjacent to the proposed jetty. 
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6. DISMANTLING AND REMOVAL 
6.1.1 The steel tubular piles would be removed in their entirety. The piles would be 

removed using a pile extraction hammer supported from a crane. The crane 
would sit on a jack up barge.  

6.1.2 In the unlikely event that one or some of the piles could not be extracted 
using conventional techniques, piles would need to be cut or burnt off at a 
level that is agreed with the PLA (assumed to be cut off 1m below river bed 
level). This would involve excavating the river bed to a depth of 1m and 
using divers to cut or burn off the embedded pile. The pile cut offs would be 
removed off site for recycling. If the buried pile stumps remain, they would 
need to be retained on a River Works Licence (RWL), as set out in the 
protective provisions with the PLA.  

Page 13 of 13 



Silvertown Tunnel 

Appendices 7-13 to Written Summary for Air Quality, noise and other Environmental Issues ISH  

 
 

 Technical Note Assessment of Jetty Pile Appendix 12.
Scour in the Nearshore 

Page 10 of 11 

 



 

 

 

  Technical Note  
Assessment of Jetty Pile 
Scour in the Nearshore 
 
January 2017 

 



Silvertown Tunnel  

Assessment of Jetty Pile Scour in the Nearshore 

 
THIS PAGE HAS INTENTIONALLY BEEN LEFT BLANK 

 

  

Page 2 of 14 

 



Silvertown Tunnel 

Assessment of Jetty Pile Scour in the Nearshore 

 

Silvertown Tunnel 
 

 

Assessment of Jetty Pile 
Scour in the Nearshore 

 
 

 

Internal Code:  ST150030-PLN-ZZZ-ZZ-TEN-ZZ-0818 

Author:   Transport for London 
 

Rev. Date Approved By Signature Description 

2 27/01/2017 David Rowe 

 

For Deadline 3 
submission  

   Page 3 of 14 

 



Silvertown Tunnel  

Assessment of Jetty Pile Scour in the Nearshore 

 

Contents  

1. Introduction .................................................................................................. 6 

2. Scour Assessment Method ......................................................................... 8 

3. Scour Assessment Results ...................................................................... 11 

4. Conclusions ............................................................................................... 13 

5. References ................................................................................................. 14 

 

 
  

Page 4 of 14 

 



Silvertown Tunnel 

Assessment of Jetty Pile Scour in the Nearshore 

 

List of Figures 

Figure 1-1: Detail of structures in the region of the Silvertown Jetty. Jetty piles are 
shown as red markers and the pile assessed for potential to impact existing 
structures is labelled as the green marker.  ................................................................ 6 

Figure 1-2: Simulated current speed and associated scour depth evolution with time 
around the nearshore jetty pile shown in Figure 1-1. ............................................... 11 

List of Tables 

Table 1 Cefas PSA statistics of the vibracore sediment sampling (REP1-117). ....... 10 

 

 

 

  

   Page 5 of 14 

 



Silvertown Tunnel  

Assessment of Jetty Pile Scour in the Nearshore 

 

1. Introduction 

1.1.1 This Technical Note sets out the findings of an assessment of jetty pile 
scour, to determine any destabilising impact on existing structures. 

1.1.2 The assessment has been based on simulated scour depth and extent 
around the jetty pile located in the closest proximity to the river bank. The 
relevant jetty pile and existing structures are illustrated in Figure 1-1. 

Figure 1-1: Detail of structures in the region of the Silvertown Jetty. Jetty piles are 
shown as red markers and the pile assessed for potential to impact existing 
structures is labelled as the green marker. 
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1.1.3 The shoreline in the vicinity of the nearshore jetty piles is made up of a 
sheet pile retaining wall. Figure 1.1 shows the jetty piles constructed in the 
river. To prevent loading of the sheet piled river wall, the jetty will bridge 
over the river wall. The jetty bridging unit will be supported on the 
landward side far enough away from the river wall to prevent loading of 
the sheet piled river wall. 

1.1.4 Mean spring tide and high river flow conditions have been assessed to 
show the maximum potential scour depth and extent. Water level, U and V 
components of velocity and river discharge are imposed at the model 
boundary, derived from the HR Wallingford River Thames model, as 
detailed in ES Appendix 16.B Section 4.2.1 (APP-078). 
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2. Scour Assessment Method 

2.1.1 The method of calculating scour depth evolution around the nearshore 
jetty pile follows the previous assessment of scour around the piles of the 
approach jetty and jetty head, which is to apply the Whitehouse (1998) 
formula for time dependent scour depth S(t) calculation: 

(𝑡𝑡) = 𝑆𝑆𝑒𝑒 �1 − 𝑒𝑒𝑒𝑒𝑒𝑒 �− 𝑡𝑡
𝑇𝑇𝑠𝑠
�
𝑛𝑛
�  (1) 

Where: 

Ts is the time scale of the scour process given by equation 2;  
Se is the equilibrium scour depth given by equation 4; and  
n is a power normally assumed to be 1. 

𝑇𝑇∗ = �𝑔𝑔(𝑠𝑠−1)𝑑𝑑50
3 �

1
2�

𝐷𝐷2
𝑇𝑇𝑠𝑠   (2) 

Where:     

d50 is the median grain size (m);,  
g is the gravitational acceleration (ms-2);,  
D is the diameter of the pile (m); and  
T* is the dimensionless time scale for currents given as: 

𝑇𝑇∗ = 𝛿𝛿𝜃𝜃−2.2

2000𝐷𝐷
    (3) 

Where: 
δ is the boundary layer thickness, assumed to be depth of flow for tidal 
conditions; and  
θ is the Shields parameter.  

2.1.2 The equation for the equilibrium scour depth Se is given by: 

𝑆𝑆𝑒𝑒 = 1.5𝐾𝐾1𝐾𝐾2𝐾𝐾3𝐾𝐾4𝐷𝐷 tanh �ℎ
𝐷𝐷
�  (4) 

K1 is the correction factor for pile nose shape;  
K2 is the correction factor for the angle of approach of the flow; and  
K3 is the correction factor for bed conditions, varying between 0 and 1 
depending on flow conditions, so that: 

 
𝐾𝐾3 = 0 If 𝑈𝑈

𝑈𝑈𝑐𝑐𝑐𝑐
< 0.5  
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𝐾𝐾3 = 2 �
𝑈𝑈
𝑈𝑈𝑐𝑐𝑐𝑐

� − 1 If 0.5 ≤ 𝑈𝑈
𝑈𝑈𝑐𝑐𝑐𝑐

< 1 (5) 

𝐾𝐾3 = 1 If 𝑈𝑈
𝑈𝑈𝑐𝑐𝑐𝑐

≥ 1  

The parameter K4 is the correction factor for size of bed material;  
U is the depth averaged current speed; and  
Ucr is the threshold depth averaged current speed.  

2.1.3 Previous studies have shown that as the clay content of the sediment 
increases, the scour depth ratio (S(t)/D) decreases. The sediment clay 
content can be represented by the use of a reduction factor multiplier on 
the scour depth, where a reduction factor Kcc, which represents the 
fractional clay content C (Harris et al., 2012), has the expression: 

𝐾𝐾𝑐𝑐𝑐𝑐 = 1
(1+𝐶𝐶)2    (6) 

2.1.4 This reduction factor reduces scour depth in a mixed sand-clay sediment 
type by approximately 70%, assuming an 78% clay content, as seen in 
the vibracore sediment samples for the Silvertown Jetty. The Cefas 
particle size analysis for the closest sample location of VIB 04 are shown 
in Table 1. A median grain size d50 of 22µm is applied which corresponds 
to a sandy mud sediment type. 
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Table 1 Cefas PSA statistics of the vibracore sediment sampling (REP1-117). 

Laboratory 
Sample 
Number 

Sample 
Description 

Gravel 
(%) 

Sand 
(%) 

Silt/Clay 
(%) 

Very 
coarse 
and 
coarse 
sand (%) 

Medium 
sand (%) 

Fine 
sand 
and 
very 
fine 
sand 
(%) 

2016/27584 VIB 01, 0.5m  0.00  11.03  88.97  0.00  0.36  10.67  

2016/27585 VIB 03, 0.5m  0.00  11.91  88.09  0.00  0.23  11.68  

2016/27586 VIB 04, 0.75m  0.14  28.82  71.04  0.77  6.41  21.63  

2016/27587 VIB 04, 1.5m  0.09  15.71  84.20  0.07  2.24  13.40  

2016/27588 VIB 05, 1.0m  0.00  16.11  83.89  0.08  0.67  15.36  

2016/27589 VIB 05, 1.8m  0.00  20.95  79.05  0.03  0.44  20.48  

2016/27590 VIB 06, 0.5m  0.07  11.15  88.78  0.07  0.39  10.69  
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3. Scour Assessment Results 

Figure 1-1: Simulated current speed and associated scour depth evolution with 
time around the nearshore jetty pile shown in Figure 1-1. 

3.1.1 Figure 1-2 shows that the maximum simulated scour depth for mean 
spring tide and high river flow conditions is calculated to be 0.46m. The 
lateral extent of the scour around the jetty piles is a function of scour 
depth and the angle of repose of the sediment. Lateral extents of tidal 
scour are known to be approximately 3.5 times the predicted scour depth. 
This method predicts a scour width of 1.61m for 1.016m piles. The extent 
of the lateral scour will be greatest at the downstream edge of the jetty 
pile. The lateral extent of the scour will taper from the scour depth to the 
river bed, with the downstream edge alternating with the flooding and 
ebbing tide. For cohesive sediments, steeper slopes may be possible 
when compared with con-cohesive sediments. Therefore, the prediction of 
the lateral extent of scour should be seen as a worst-case scenario. 
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Effects of construction, installation, and operation of the jetty 

3.1.2 Driving the tubular piles for the jetty will lead to groundbourne vibrations. 
However, this is not likely to result in any significant effects on the river 
wall as the piles are some distance away from the sheet piled river wall.  

3.1.3 With regard to scour from vessel movements, at the temporary jetty, the 
propellers of tugs and bulk carriers will disturb sediment, but the effect will 
be local to the jetty head and would not extend back to the river wall. At 
the NAABSA berth, there will be disturbance of softer deposits by tug 
propellers, however, the effect will be limited as the Scheme involves 
placing a regulating layer of crushed stone at the base of the wall to 
create a level NAABSA berth, thereby limiting the effects of propeller 
wash. 
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Assessment of Jetty Pile Scour in the Nearshore 

 

4. Conclusions  

4.1.1 Using the simulated current speed at the nearshore jetty pile, with mean 
spring tide and high river flow conditions, shows that the predicted scour 
depth is 0.46m with a corresponding lateral extent of 1.61m. It is important 
to note that the maximum extent of scour width will occur at the 
downstream edge of the flow. Therefore, with peak tidal flow occurring 
from east to west during the flooding tide, and from west to east during the 
ebbing tide, the point of maximum lateral extent of scour will alternate 
from east to west.  

4.1.2 The resulting lateral extent of scour around the nearshore jetty pile will be 
oval in shape, where the maximum scour extent of 1.61m will alternate 
between upstream and downstream positions of the jetty pile. Therefore 
this reduces the impact that the jetty pile scour will have on surrounding 
structures, which are located to the north of the nearshore pile. 
Furthermore, the distance from the nearshore jetty pile to the sheet pile 
retaining wall at the closest point is 5.1m, which indicates that the 
simulated 1.61m maximum lateral extent of scour should not have a 
destabilising effect on the existing structure. Considering the lateral extent 
of scour is determined from the scour depth multiplied by 3.5, a lateral 
scour extent of 5.1m would result from a scour depth of 1.5m. Due to the 
consolidated nature of the sediment, where the scour depth is subject to a 
70% reduction factor due to its clay content, it is not likely that this scour 
depth will be achieved at this nearshore jetty pile location. 
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CAROLINE SOUBRY-SMITH  
Associate Technical Director – Environment  

 

“Caroline is experienced at providing pragmatic environmental advice 
and managing the production of robust but proportionate environmental 
studies and assessments for a diverse range of projects” 

CORE SKILLS 
1. Environmental Assessment 

(EIA/SEA) 
2. Ecology 
3. Construction Env 

Management  
4. Project Management  
 
ROLE ON THIS PROJECT 
• EIA Expert/Co-ordination 
 
POSITION 
• Associate Technical Director - 

Environment   
 
QUALIFICATIONS 
• MSc Environmental 

Technology, Imperial College 
London 

• BSc Biology, Imperial College 
London 

• CEnv (Chartered 
Environmentalist) 

• MIEMA (Institute of 
Environmental Management 
and Assessment) 

 Caroline is skilled at leading and motivating multidisciplinary 
teams and acting as an interface between clients, designers, and 
environmental specialists. She has led numerous environmental 
teams, with both Arcadis specialists and with specialists from 
other companies, and has a track record of integrating these to 
work as a single team with a common goal. 
 
Suitability to the Role 
Caroline has an excellent working knowledge of statutory processes 
(including TWA, Highways Act, TCPA, DCO), legislative requirements 
and best practice for a variety of development types and specialist 
disciplines. From this range of experience, she can identify the specific 
needs of a particular project and develop the most appropriate 
approach to ensure a proportionate and focussed assessment that 
meets the needs of the necessary processes. 

Relevance of Experience 
Environmental Assessments - Experienced in undertaking data 
collection, stakeholder liaison, public consultation, collaboration with 
project designers, assessment of impacts, mitigation development, 
reporting and ES production. 

Construction Management - Experience of providing environmental 
advice for responsible management of construction activity, and 
sustainable construction. 

Ecology - Familiarity with ecological impact assessment techniques and 
mitigation design / implementation. Practical experience of phase 1 
habitat survey, nesting birds, reptiles, great crested newt, bats and 
aquatic macroinvertebrates. 
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CURRICULUM VITAE - CAROLINE SOUBRY-SMITH 

Project Experience  

Silvertown Tunnel EIA (NSIP) and East of Silvertown River Crossings Options Study 
Client: Transport for London, Date: 2013 - ongoing 
Caroline was Project Manager and subsequently Technical Director and named Expert Witness for a 
commission to provide environmental services to TfL in delivering two new vehicle crossings of the River 
Thames in East London.  Silvertown Tunnel is aimed at relieving congestion through and around the 
Blackwall Tunnel by linking the Greenwich Peninsula near the O2 arena with Silvertown.  In recognition of 
the importance of the project, it has been designated a ‘Nationally Significant Infrastructure Project’.  
 
Caroline’s team’s role comprises EIA Coordination, and delivery of EIA for all topics, including extensive air 
quality and noise modelling, options appraisal to identify the most appropriate type of crossing, CEEQUAL, 
Sustainability Appraisal, Health Impact Assessment, Equalities Impact Assessment, Flood Risk Assessment, 
Energy Statement, environmental input to the Business Case and to consultation, DCO application and post 
submission support through the Examination phase.  
 
From the outset, we have worked closely with TfL’s design engineers and legal team to ensure that the 
design and assessment is tailored to the requirements of the DCO process, providing sufficient certainty to 
satisfy the Planning Inspectorate, whilst allowing flexibility for future contractors. 

M4 Smart Motorway, J3-12 EIA (NSIP) 
Client: Highways England, Date: 2012 – ongoing  
Caroline managed a team undertaking the environmental design and assessment for hard shoulder running 
on a 51km stretch of the M4, the largest of the Highways Agency Smart motorway projects. Due to the size 
of the scheme it was designated as a Nationally Significant Infrastructure Project, and requires a 
Development Consent Order (DCO) from the Planning Inspectorate.  
 
Caroline provided advice to HE on the implications of the Planning Act 2008, managed the preparation of a 
Preliminary Environmental Information Report, attended public exhibitions and presented at stakeholder 
meetings. She managed preparation of DCO application documents including an Environmental Statement 
and Non-Technical Summary, Construction Environmental Management Plan and Environmental 
Masterplan. The DCO Application was successfully delivered to the Planning Inspectorate within a 14 month 
programme and achieved consent within the statutory timescales. This is the quickest delivery achieved for a 
HE Scheme following the DCO process. 

A21 Road Widening Scheme, Tonbridge to Pembury Environmental Assurance  
Client: Highways England, Date: 2013 – ongoing 
Caroline oversees peer reviews of the contractor and designer’s environmental documentation and design 
on behalf of the Highways England. She also collated environmental commitments to the Tender and 
Contract Documents for the detailed design and construction of this environmentally sensitive scheme.  
 
Contract requirements include the translocation and creation of 18.1Ha of ancient woodland, long-term 
habitat management, and the relocation of a listed barn. Complex environmental mitigation measures, 
including programming and licencing issues need to be carefully considered, along with monitoring 
requirements to ensure the success of the mitigation. During the Public Inquiry, a number of options were 
tabled, and Caroline’s team undertook further ecological surveys and advised on procedural requirements 
relating to EIA updates. 
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ROBERT KITCH  
Associate Technical Director – Landscape  

 

“Robert leads in a way which is inclusive and respectful to encourage 
others to excel” 

CORE SKILLS 
1. Collaborative Working  
2. Effective Communicator  
3. Chartered Landscape 

Architect  
4. Landscape and Visual Impact 

Assessment (LVIA) 
5. Multi-disciplinary Team  
6. Nationally Significant 

Infrastructure Projects  
7. Public Enquiry / DCO 

Process 
8. External Examiner  
 
ROLE ON THIS PROJECT 
• LVIA Expert 
 
POSITION 
• Associate Technical Director - 

Landscape 
 
QUALIFICATIONS 
• BA Landscape Architecture  
• BA (Hons) Landscape 

Architecture 
• Diploma Urban Planning 

(Urban Design) 
• CMLI 

 Robert has 28 years industry experience and has been with 
Arcadis for 23 years.  He is based in Warrington and has been 
involved in a number of major projects in the North West region 
and the wider UK and Ireland. He has also acted as the landscape 
expert witness for two highway schemes and provided specialist 
LVIA advice during the DCO application for M4 Smart Motorways 
project. 

Suitability to the Role 
As an Associate Technical Director, Robert is responsible for project 
management and team leadership. He has proven experience working 
collaboratively and communicating with the client, key projects 
stakeholders and other design disciplines within large multi-disciplinary 
teams, to build good relations and achieve positive and successful 
solutions. Robert provides technical advice and undertakes technical 
reviews on landscape and visual impact assessments across the UK. 

Relevance of Experience 
Robert has extensive experience and knowledge in the procurement of 
landscape and public realm design and landscape and visual impact 
assessments across the UK working collaboratively with government 
agencies, local authorities, main consultancies, delivery partners, 
developers and operators. Robert also provides landscape and visual 
evidence at public inquiry. 
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CURRICULUM VITAE - ROBERT KITCH 
 
 
 

Project Experience  

Lower Thames Crossing, East London / NW Kent 
Client: Highways England, Date: 2016 – ongoing  
Associate Technical Director responsible for co-ordinating post consultation landscape and visual advice in 
relation to the North West Kent AONB and monetisation of the landscape which feeds in to the selection of 
the preferred option.   

M4 Smart Motorway, J3 to J12 EIA (NSIP) 
Client: Highways England, Date: 2014 – ongoing  
Robert is responsible for the landscape and visual impact assessment for this NSIP.  The LVIA chapter 
looked at the short to medium term impacts of the construction work on the landscape and townscape 
resource including the night-time resource and on visual amenity.  The LVIA also considered the residual 
impacts of the Scheme on landscape and visual amenity as a result of new gantries and other new 
infrastructure, long term loss of vegetation and replacement and additional noise barriers.  Robert was 
responsible for dealing with responses to written representations, meetings with local planning authorities 
and attendance / responding to questions at the DCO application hearing. 

River Humber Gas Pipeline Replacement Project, Humber Estuary (NSIP) 
Client: National Grid, Date 2015 
Robert produced the landscape and visual effects chapter of the ES in support of the DCO application for 
this NSIP.   

Preesall Underground Gas Storage Facility, Lancashire (NSIP) 
Client: Halite, Date: 2005 - 2014 

Robert coordinated the LVIA chapter for the ES in support of the DCO application for this NSIP.  This 
included assessing the potential effects of underground cavern construction, above ground infrastructure and 
a 15km interconnector pipeline.  Robert successfully worked with stakeholders in agreeing mitigation and 
enhancement measures.  Robert acted as expert witness at the public inquiry to an earlier planning 
application. 

A487 Porthmadog Bypass. Gwynedd, North Wales 
Client: Balfour Beatty Jones Brothers JV/Welsh Government, Date: 2009 – ongoing  
Robert was responsible for the delivery of the landscape detail design package for this award winning road 
scheme and overseeing the construction monitoring.  He is presently the environmental co-ordinator for the 5 
year post construction monitoring and is responsible for managing the ongoing ecology and landscape 
surveys.     

A628 / A57 Mottram to Tintwistle Bypass. Tameside, Derbyshire and Peak District 
National Park. 
Client: Highways Agency, Date: 2005 - 2008  
Robert was responsible for the landscape and visual impact assessment as part of the Scheme’s application 
under the Highways Act.  The LVIA chapter looked at the potential construction and operational impacts on 
the character and visual amenity of the National Park and the townscape and landscape of Tameside and 
Derbyshire and the visual amenity of the Pennine Bridleway and Trans Pennine Trail.  Robert worked 
collaboratively with the National Park, the local planning authorities and key stakeholders to develop a 
landscape strategy to mitigate the effects of the Scheme.  Robert acted as the landscape witness at the 
Scheme’s Public Inquiry in 2007.
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JENNY WYLIE  
Associate Technical Director – Cultural Heritage  

 

“An experienced Archaeologist and team leader with a strong track 
record of successfully supporting clients understanding heritage risks 
and opportunities” 

CORE SKILLS 
1. Nationally Significant 

Infrastructure Projects  
2. Cultural Heritage advice  
3. Environmental Impact 

Assessment  
4. Designing archaeological 

mitigation strategies  
5. Managing archaeological 

sub-contractors  
 
ROLE ON THIS PROJECT 
• Cultural Heritage Expert 
 
POSITION 
• Associate Technical Director 

– Cultural Heritage  
 
QUALIFICATIONS 
• BA (Hons) Archaeology  
• MA Experienced Archaeology  
• ACIfA 

 

 Jenny leads the Arcadis Cultural Heritage team. She has long-
standing experience of Cultural Heritage assessment, particularly 
in relation to Environmental Impact Assessment and Nationally 
Significant Infrastructure Schemes. Prior to becoming a consultant 
she worked as a field archaeologist where she supervised a 
number of archaeological excavations. 

Jennifer has experience of work on a wide range of development 
projects from housing and mixed use developments, major 
infrastructure road and rail upgrades, wind farms and solar 
development. She has worked on a number large scale Nationally 
Significant Infrastructure Projects including an underground gas 
storage facility, a high pressure gas pipeline and a 170km length 
of new 400kv overhead line. 

Her project work relates to advice on Cultural Heritage constraints 
and opportunities through to contributing to Environmental Impact 
Assessments completed in support of planning applications. In 
addition she has considerable experience of the EIA process and 
has contributed to numerous Environmental Statements and 
written numerous scoping reports. 

Suitability to the Role 
Over 12 years’ experience working in the heritage sector including six 
years as a Cultural Heritage consultant. 

Considerable experience of producing Cultural Heritage assessments 
as part of Environmental Impact Assessments and NSIPs. Experienced 
in designing and managing archaeological mitigation and liaison with 
stakeholders. 

Good knowledge of the relevant policy and guidance including the EIA 
Regulations, the Planning (Listed Buildings and Conservation Areas) 
Act, the Scheduled Monuments and Archaeological Areas Act, the 
NPPF, Historic England guidance on setting. 

Relevance of Experience 
Considerable experience of working as part of multi-disciplinary teams. 
Experience of multiple NSIPs including long linear projects. Experience 
of assessing impacts to World Heritage Sites. 
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CURRICULUM VITAE - JENNY WYLIE 
 

Project Experience  

North West Coast Connections, Cumbria (NSIP) 
A large scale electricity transmission project designed to bring a new 400kv electricity connect to the west 
coast of Cumbria. Jenny is leading the heritage inputs into the EIA which to date have included options 
appraisal, design review, stakeholder engagement and production of the Scoping Report and PIER for the 
EIA. Arcadis will continue to provide heritage inputs into the EIA up to the submission of the DCO. This 
project has a number of heritage challenges including managing impacts to two World Heritage sites. 

Preesall Underground Gas Storage Facility NSIP, Lancashire (NSIP) 
A complex large scale infrastructure project with both terrestrial and marine elements. Jenny produced a full 
archaeological, built heritage and historic landscape assessment for the EIA, including writing the scoping 
report. She also managed a large scale geophysical survey over a 15km long site, undertook complex 
negotiations with numerous stakeholders and devised mitigation strategies for both the terrestrial and marine 
archaeological resource. 

River Humber Gas Pipeline Replacement Project, Humber Estuary (NSIP) 
An important project for National Grid to replace a high pressure pipeline under the River Humber. Jenny is 
leading the Cultural Heritage input into the Environment Impact Assessment which to date have comprised a 
Desk-based Assessment, Scoping Report, Cultural Heritage chapter of an Environmental Statement and 
multiple phases of pre and post-determination fieldwork in this archaeologically sensitive landscape. The 
DCO for this scheme has recently been accepted by PINs and Jenny is currently managing an 
archaeological evaluation at the site and working with stakeholders to agree statements of common ground. 

A21 Road Widening Scheme, Tonbridge to Pembury, Kent 
Arcadis is acting as client’s agent working on behalf of Highways England for this proposed duelling scheme 
in Kent. Jennifer is currently performing the role of lead heritage consultant and to date has provided input 
into contract documents and the archaeological mitigation strategy. In addition she has provided responses 
to objections to the Scheme that have been raised at Public Inquiry. The construction phase of the project is 
now underway. This project has complex heritage requirements and included the recording, dismantling and 
relocation of a Listed Building. 

Bicester EcoDevelopment, Oxfordshire 
Management of the Cultural Heritage inputs to the EIA for a large mixed-use development on a green field 
site. Production of Scoping Report, Cultural Heritage Desk-based Assessment, design and management of 
archaeological field evaluation and Cultural Heritage chapter for an Environmental Statement. Jennifer was 
involved in negotiating the scope of, and managing pre-application fieldwork at the site which was completed 
to the full satisfaction of both the client and stakeholders. The second stage, an archaeological evaluation 
comprising over 400 trenches and was completed in 2013. The EIA was submitted in 2014. 

Westwood Park, Wigan 
A statement of significance and impact assessment for two listed buildings within a proposed mixed use 
development site in Wigan. 

 6 
 



CURRICULUM VITAE 
 
 
 
 
 
 
 

OLIVER WAY 
Senior Engineer 

 

“I am an experienced Coastal Modeller with a background in 
Oceanography specialising in coastal hydrodynamics and sediment 
transport” 

CORE SKILLS 
1. Numerical Modelling  
2. Coastal Processes  
3. Sediment Transport  
4. Oceanography 
 
ROLE ON THIS PROJECT 
• Coastal Modeller 
 
POSITION 
• Senior Engineer  
 
QUALIFICATIONS 
• CMarSci CSci, 

MIMarEST 
• PhD Oceanography  
• MSc (Hons) 
• BSc (Hons) 

 

 Oliver has 11 years’ experience in ocean and earth systems 
science. He joined ARCADIS Consulting UK Ltd in September 2014 
as a Coastal Modeller. Previous to this he was employed as a Shelf 
Seas Modeller for Cefas. Oliver completed his PhD at Bangor 
University, School of Ocean Sciences where his research focused 
on coastal sediment transport. He has specialist experience in 
hydrodynamic modelling and sediment transport.-  

Suitability to the Role 
Oliver leads many hydrodynamic modelling projects to investigate 
coastal processes. He uses his expert knowledge in coastal 
oceanography to assess and interpret the project methodology and 
results. Oliver has expert knowledge and experience with hydrodynamic 
modelling applications and data analysis. 

Relevance of Experience 
Oliver is a key member of the ARCADIS hydrodynamic modelling team 
and has developed various hydrodynamic and sediment transport 
models for environmental and construction projects. He has significant 
experience using MIKE21 and Delft3D to examine tides, waves and 
sediment transport in the coastal domain. 
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CURRICULUM VITAE - OLIVER WAY 
 

Project Experience  

Coastal Investigation Study  
Client: Dwr Cymru Welsh Water 
Working as a Dŵr Cymru Welsh Water (DCWW) Alliance Team member delivering a regional coastal 
modelling system, and the associated bacterial impact assessment for bathing and shellfish waters in the 
Welsh region. ARCADIS are responsible for the regions of North West Wales and South Wales. The Delft3D 
Flexible Mesh software is used to simulate the hydrodynamics and the transport of bacteria under a full 
range of tide, wind and rainfall conditions. Oliver is the Lead Modeller for ARCADIS on the DCWW Coastal 
Compliance project and is responsible for delivering high quality modelling output to the wider Alliance 
Team. 

Cardiff WWTW Wave Modelling 
Client Dwr Cymru Welsh Water 
An assessment of erosion rates at the coastline around Cardiff Waste Water Treatment Works (WWTW) was 
carried out, where wave action was seen to be the significant force. Previous assessments have identified 
that the site is at risk from a 1 in 200 year coastal event and that the shoreline is retreating due to coastal 
erosion. A wave model was constructed using the MIKE21 modelling software, where the MIKE21 Spectral 
Waves (SW) module is applied to simulate wave action at the study site. The model is calibrated and 
validated and then joint probability return period wave and water level scenarios are simulated. Bed shear 
stress is calculated from the action of the waves in the nearshore region and then potential sediment 
transport is assessed for various grain sizes. 

Silvertown Tunnel EIA (Hydrodynamic Modelling Study) 
Client: Transport for London 
A model was developed for the River Thames between Tower Bridge and Woolwich to assess the impact of 
building a jetty structure as part of the Silvertown Tunnel construction project. Tidal boundaries were 
imposed along with river flow rates to simulate the hydrodynamics. A model was created with and without the 
jetty structure to determine any changes in flow patterns around the structure. Assessments were also made 
for scour around the jetty piles using the Scour Time Evolution Predictor method. Sediment transport was 
modelled as a percentage spill from the dredging operations around the jetty head. This determined regions 
of sediment accumulation to show the transport of contaminated sediments. 

Zulal Beach Development Modelling Study  
Client: Hyder Consulting, Middle East 
A hydrodynamic model was developed for the Zulal Destination Spa Resort development in Al Ruwais, 
Qatar. Shoreline and bathymetry data were obtained to create a detailed local model of the study area. A 
joint probability approach is applied to determine the influence of extreme water levels and wave heights on 
the coastline around the development. An existing model of the Arabian Gulf, developed at Hyder is used to 
provide boundary conditions to the Zulal local model. Assessments of wave overtopping on coastal 
structures and the influence of a nearshore channel on wave heights and bed shear stress were carried out. 

Peel, Isle of Man Sediment Plume Study 
Client: Department of Infrastructure, Isle of Man 
A sediment transport study to determine the impact of sediment plumes at various locations around the Isle 
of Man from dredging at Peel harbour. MIKE21 HD was used to simulate tidal conditions around the Isle of 
Man. The boundary conditions for this were extracted from a larger Irish Sea Model developed at Hyder. A 
particle tracking approach (MIKE21 PT) was then applied to determine the spatial extent of the sediment 
plumes at various outfall locations. 

 8 
 



CURRICULUM VITAE 
 
 
 
 
 
 
 

MARTINA GIRVAN   
Technical Director – Ecology   

 

Successfully delivering HRAs for major developments 
in the UK. 

CORE SKILLS 
1. Ecological Impact 

Assessments 
2. Habitats Regulation 

Assessments 
3. Mitigation Design 
4. Green Infrastructure Design 
5. Biodiversity Action Plans 
6. Ecological Management 

Plans 
7. Protected Species Licensing 
8. Natural Capital 
 
ROLE ON THIS PROJECT 
• Lead Ecologist and 

Ecological Expert 
 
POSITION 
• Technical Director – Ecology  
 
QUALIFICATIONS 
• City and Guilds in Biological 

Surveying 
• BSc (Hons) Environmental 

Biology 
• MSc Ecology 
• PhD Molecular Ecology 
• CEcol, MCIEEM 
 
 

 A Chartered Ecologist with over 20 years’ experience in the UK 
and overseas.  Discipline Lead for the South East ecology team. 
Martina has undertaken over 30 major Ecological Impact 
Assessments (EcIAs) and numerous Habitat Regulation 
Assessments (HRAs) for major infrastructure, energy, housing 
and commercial development projects in greenfield, brownfield 
and urban environments. 

Suitability to the Role 
An ecologist with over 20 years’ experience in both the UK and 
overseas.  Responsible for the recruitment, co-ordination and 
management of personnel, specialist sub-contractor management, 
project management, financial management and major bid production 
and document review. Martina is currently the Discipline Lead for the 
London Ecology team and the Global Natural Capital Community of 
Practice Lead. 

Martina has been successfully leading teams of ecologists through the 
development process from site survey through to planning 
determination and in site enabling including habitat creation.  She has 
led schemes across the UK with ecology budgets of over £650,000. 

Relevance of Experience 
For the last 10 years Martina has been based in London and has 
worked largely in the south of England in both terrestrial and coastal 
environments. She has extensive experience liaising with other 
technical specialists and statutory consultees for impact assessment 
and in developing and incorporating biodiversity mitigation for EIAs and 
HRAs. She is the Global Natural Capital lead for Arcadis. 
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CURRICULUM VITAE - MARTINA GIRVAN 
 

Project Experience  

Silvertown Tunnel EIA (NSIP) (ES and HRA) 
Client: Transport for London, Date: 2015 – ongoing  
Martina led the Ecology team for the production of the Terrestrial and the Aquatic EIAs for the scheme which 
proposes a major new tunnel crossing between Silvertown and Greenwich, in addition to producing the 
Terrestrial Ecology Chapter she wrote the project specific Biodiversity Action Plan (BAP) to ensure delivery 
of mitigation including parameters for biodiversity offsetting potential.  Due to uncertainties around mitigation 
delivery, this required capitalisation of the value of habitats within the scheme and those to be permanently 
lost so that offsetting could be incorporated into the mitigation commitments. She has worked with an 
environmental economist to determine the value of the ecosystems and habitats on site and has provided 
design parameters for habitat to be created both on and off site.  All of these elements are presented in the 
Biodiversity Action Plan (BAP) and Mitigation Strategy that she wrote as a technical appendix to the report. 
This approach will provide ultimate flexibility for the design whilst maximising the value of any habitat 
creation. This project has been chosen for one of the Natural Capital Protocol’s Case Studies 
 

Natural Capital Protocol (NCP) Guidance 
Natural Capital Coalition (NCC) Date: 2015 - 2016 
Martina was a co-author of steps 7 and 8 and case study author of this protocol which Arcadis were heavily 
involved in developing with multiple authors and staff seconded to the NCC.  

Lower Thames Crossing, (HRA) East London / NW Kent 
Client: Highways England, Date: 2015  
Martina was the Project Director for the HRA for the options appraisals regarding the Lower Thames 
Crossing (LTC), numerous route options plus crossing options (bridge, tunnel, bored tunnel) working with the 
Halcrow Hyder Joint Venture (HHJV) having been appointed by Highways England.  The purpose of the 
report was to identify whether the proposed LTC is likely to result in significant effects upon European sites 
(within 30km) and hence whether or not a full HRA, information for Appropriate Assessment (AA) will be 
required.  Martina worked with the project ecologist and a number of specialists in transportation and 
involving technical appraisal of different crossing options along with Natural England and British Trust for 
Ornithology engagement for the evolution of mitigation strategies. 

A21 Road Widening Scheme, Tonbridge to Pembury, Highways England Advisors 
Client: Highways England, 2015 – ongoing  
Martina has been working on this scheme since January 2015, advising Highways England as to the 
compliance and quality of their contracted agents, Balfour Beatty.  This scheme has impacted on multiple 
protected species and sensitive heathlands and ancient woodland.  Review of the resultant species and 
habitats survey and management for monitoring of created habitats has been a particular issue along with 
habitat design.  She has also been overseeing the Arboricultural Due Diligence for the scheme. 

A12 and B1122 Route Options WebTag Options Appraisal 
Client: Suffolk County Council, Date: 2014 

Martina led the options appraisal for 11 route options both online and offline around Saxmundham to 
Sizewell in order to manage the anticipated increase in traffic flow due to the construction and operation of 
the new Sizewell energy facility. Undertook high level surveys over a large area. The work required acquiring 
and processing large GIS data sets and valuing and impact assessment of protected habitats and species 
including Nationally and Internationally designated sites to provide a quantifiable order of route impact, 
potential mitigation and residual effect to determine (ecologically) the route preference.  This required large 
amounts of information processing to communicate the relevant details to decision makers at the appropriate 
level.  
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EELLIIZZAABBEETTHH  JJEENNKKSS    
((BBSSCC  PPIIEEMMAA))  

PPrriinncciippaall  EEnnvviirroonnmmeennttaall  PPllaannnneerr 

  
 
 
 
PROFESSIONAL EXPERIENCE 

 
 
Oct 2014-  Transport for London – Principal Environmental Planner  
Present  

Silvertown Tunnel: Overall Responsibility for Environmental elements of the Silvertown 
Tunnel project, including: 

 
• Management of the EIA  process and EIA consultants, the associated budget and 

programme of environmental deliverables;  
• Production of PEIR for S42 Consultation 
• Production of Environmental Statement and associated reports for submission of 

DCO 
• Production of material during examination 
• EIA stakeholder engagement with key statutory and non statutory organisations  

 
 
Sept 2013-  Transport for London – Environmental Planner  
Oct 2014   

Silvertown Tunnel:  Environment lead for Silvertown Tunnel project in preparation for 
submission of a Development Consent Order. 
• Managed production of an Environmental Options Assessment Report and material 

for public consultation. 
• Influence design and options selection to ensure environmental impacts and 

sustainability are embedded into each option;  
 
East of Silvertown Crossings: Environment lead for East of Silvertown Crossings 
project: 
• Managed production of an Environmental Options Assessment Report and material 

for public consultation. 
• Influence design and options selection to ensure environmental impacts and 

sustainability are embedded into each option;  
  

 
Hub Airport Inner Thames Estuary: Support the Mayor’s Aviation Team advising on key 
environmental topics. Roles include: 
• Production of the noise, air quality and climate change assessment within the 

submission of three options for hub airports to the Airports Commission;  
• Prepare responses to environmental reports/discussion papers;  
• Management of multiple consultancies providing specialist advice and commission 

modelling of future noise scenarios to examine other shortlisted options; 
• Provide advice around noise and health impacts to the GLA for stage I and II 

statements regarding expansion works at Heathrow and City Airports.  
 

Overground Station at Old Oak Common:  
• Environmental inputs on options reports and public consultation material 



• Stakeholder liaison with HS2   
 
 
Sept 2011-  Transport for London - Town Planner (Consents) 
Sept 2013  

• Preparation and submission of planning applications 
• Advise on possible development options of TFL assets based on current and 

emerging planning policy. 
.  

April 2010-  London Borough of Waltham Forest – Development Control Planner 
Sept 2011   
Nov 2007-  London Borough of Harrow – Development Control Planner 
April 2010   
 
 
Feb 2006-  Rodney District Council - Planner       
April 2007  
 
   
  



 

Natalie Frost (Head of Environment) 
PhD MIEMA CEnv 

   

Personal Information   

 Specialism/Profession Marine Ecologist 

 Nationality British 

 Years with firm 15 
   

 Key Experience Natalie Frost is an Associate Consultant and has over 15 years’ experience in marine planning, policy 
and research.  She has managed and contributed to a wide range of marine EIAs and Habitats 
Regulations Assessments in UK waters including for marine cables, marine aggregates, port and 
harbour development, flood and coastal defences and offshore renewables. The projects included all 
aspects of the consenting process including the respective assessments and communication with 
stakeholders.  More widely Natalie was lead technical author for guidance on undertaking EIAs for 
offshore wind, wave and tidal stream renewable energy projects on behalf of the BSI.  She is familiar 
with the latest developments in the revision of the EIA Directive and has delivered EIA training courses 
on behalf of the Marine Management Organisation.   

   

 Skills and Competences Specialist knowledge of marine ecology, including species distributions, community processes and 
ecosystem function. 
Interpretation and application of EU and UK environmental legislation. 
Environmental assessments including EIAs, HRAs and WFD in marine, coastal and estuarine 
environments. 
Development and implementation of Environmental Management and Monitoring Plans. 
Design and implementation of sampling and experimental studies including the statistical analysis of the 
data.   
Communication with marine stakeholders. 

 Education and 
Professional Status 

BSc (Hons) Biology with Oceanography, University of Southampton 
MSc Marine Environmental Protection, University of North Wales, Bangor 
PhD Rocky Shore Ecology, University of Southampton 
Full IEMA Member and Chartered Environmentalist 

    

 Selected Experience  

2016 Future Trends in the Celtic Seas (WWF-UK for the Celtic Seas Partnership).   
Quality manager for a study to explore future growth scenarios in the Celtic seas and the resulting 
impacts on environmental, social and economic conditions.  

2014 - 2016 Green Port Hull EIA and Environmental Management and Monitoring Plan (Associated British 
Ports) 
Marine ecological technical input to the Environmental Statement for the Green Port Hull development 
which included defining mitigation measures for mobile species.  Now responsible for delivery of the 
associated management and monitoring plan including detailed negotiations with regulators and wider 
stakeholders.  Monitoring results are presented at regular Environmental Steering Committee meetings 
to ensure ongoing adaptive management. 

2016 South Coast  Aggregates EIA (Area 522) (Cemex) 
Project Director for an EIA to accompany a marine licence application for marine aggregate extraction 
to the West of the Isle of Wight. This includes all elements of the EIA process for which the scoping 
phase has currently been completed. 

2016 Silvertown Tunnel (Transport for London) 
Project manager for the marine ecological assessments of the proposed Silvertown Tunnel on the 
Thames Estuary.  The project includes the construction of a jetty and an associated dredge. 
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2004 to present Humber Port Developments (Associated British Ports) 
Project manager for the implementation of an Environmental Monitoring and Management Plan on the 
Humber Estuary.  This project forms part of the requirement for the construction of the Immingham 
Outer Harbour and Green Port Hull port development and the associated habitat creation schemes 
which have also obtained planning permission. 

2015-2016 Poole Harbour managed realignment feasibility study (Environment Agency / Jacobs) 
Project director for a viability review of three possible managed realignment sites in Poole Harbour on 
behalf of the Environment Agency. The review included the collation of existing information as well as 
marine surveys which were undertaken in the estuary fronting Arne Moors.   

2016 Humber Habitat Creation and Mitigation Plan (East Riding of Yorkshire Council) 
Project manager to support the development of a Humber habitat compensation and mitigation plan. 
This was undertaken to enable developers and investors to achieve sustainable economic development 
in the region in compliance with legal requirement.  The first phase of work identified the potential 
habitat creation requirements associated with known future developments on the estuary.   

2016 Post Consent Monitoring at Chidham, Chichester Harbour (Associated British Ports) 
Project Director for the post consent monitoring of a habitat creation project in Chichester Harbour.  The 
project includes marine and terrestrial survey elements that are required both prior to and post 
inundation of the site. 

2016 Thames Estuary Channel Management (Port of London Authority) 
Project manager for the production of a Water Framework Directive Assessment, Habitats Regulations 
Assessment and a Waste Hierarchy Report Appraisal to support the marine licence application to re-
instate the use of the Thames disposal site, North Edinburgh Channel. The project also included 
consultation with Natural England and the Environment Agency. 

2010 – 2016 South Coast  (Aggregate Areas 127, 137, 500) EIAs Project manager and EIA author for the delivery 
of two EIAs to accompany renewal and new applications for marine aggregate dredging licences in the 
South Coast region.  This included all elements of the EIA process (screening, scoping and 
Environmental Statement) as well as the associated consultation.  A Habitats Regulation Assessment 
was also undertaken.   

2015 Disposal Site Review (Associated British Ports) 
Project manager for a review of the relative risk to ABP should a disposal site that is currently used for 
maintenance (and potentially future capital projects) become no longer accessible.  This involved the 
collation of information in relation to the dredging activities undertaken at each port. 

2015 N1 Power Cable EIA (Channel Islands Electricity Grid) 
Project Director for an Environmental Impact Assessment to accompany an application for the removal 
and installation of cable between Jersey and France.  The project also included the production of a 
Sustainability Appraisal and a Construction and Environmental Management Plan. 

2014 Environmental Impact Assessment Guide for Offshore Renewable Energy Projects (British 
Standards Institution) 
The production of guidance on undertaking EIAs for offshore wind, wave and tidal stream renewable 
energy projects on behalf of the British Standards Institution.  The project included a review of current 
best practice and guidance as well as the hosting of stakeholder workshops.   

2014-2015 Validating an Activity-Pressure Matrix (Defra) 
This project involved developing the understanding of the links between human activities and pressures 
within the marine environment. The pressures-activities matrix developed by Natural England and the 
Joint Nature Conservation Committee formed the initial basis for the project. This study increased the 
transparency of the pressure-activity links through the provision of scientifically robust evidence and a 
confidence assessment for the evidence. 

2013 Ecosystems Approach in Marine Planning (Marine Management Organisation) 
Project manager for a study to outline a framework that demonstrates how MMO marine planning will 
use an ecosystem based approach.    

2012 - 2013 EIA Training for the Marine Management Organisation (Marine Management Organisation) 
Provided EIA training for the marine consenting team within the Marine Management Organisation, 
Natural England and Natural Resources Wales. 
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CURRICULUM VITAE R.M. Thornely-Taylor 

 
   

 

Name Rupert  Maurice  THORNELY-TAYLOR 

 

 

 

 

 

 

 

 

 

 

 

 

Occupation Consultant in Acoustics and Noise Control 

 Director of Rupert Taylor Ltd, Noise and Vibration 

Consultants. 

 

Date of Birth 21 May 1946 

 

Place of Birth Whalton, Northumberland, England 

 

Professional Qualifications Fellow of the Institute of Acoustics (founder member and 

1st Hon. Treasurer) 

Past Director of International Institute of Acoustics and 

Vibration (founder member and Chair of Membership 

Committee) 

 Past President of Association of Noise Consultants 

(founder member and Honorary Member) 

 Member of the Institute of Noise Control Engineering of 

the USA 

 Member of the Acoustical Society of America 

 

 See also entry in Who’s Who 

 

Citizenship British 

 

Employment History 

 

1993 - present Director, Rupert Taylor Ltd 

1968 - present Consultant in Acoustics, Noise and Vibration 

1970 - 1981 Director Rupert Taylor and Partners Ltd 

1964 - 1968 Acoustical Engineer, Burgess Products Company Ltd 

1963 - 1964 The British Tubular Manufacturing Company Ltd 
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1962 - 1963 J.L. Morison Son and Jones Ltd 

 

Awards etc 

1972 Churchill Fellow 

2000 British Construction Industry Special Award for the 

pursuit of architectural and engineering excellence in 

public transport – Jubilee Line Extension Project 

2013 Outstanding Contribution Award, Association of Noise 

Consultants 

2016 The Institute of Acoustics Rayleigh Medal for outstanding 

contributions to acoustics 

 

 

Principal Publications 

 

Noise, Penguin Books, London 1970, 1975 & 1979 

Le bruit et ses méfaits, Editions Gerard, Belgium, 1972 

Electricity, Penguin Books, London, 1979 

Noise Control Data, Rupert Taylor and Partners Ltd, London 1976 

Handbook of Noise and Vibration Control, Trade and Technical Press Ltd, London, 1979 

(Contributor) 

A small-scale survey into the use of audiometry in practice, Health and Safety Executive, 

London, 1988 

Measurement and Assessment of Groundborne Noise and Vibration, Association of Noise 

Consultants 2001 (with Pollard  J., Brodowski, T, Evans P, Greer R., Malam D., and 

Williams P.)  

Mechanical vibration - Prediction of groundborne vibration arising from rail systems in 

tunnels - Part 1:General guidelines" ISO/CD 14837-1 (jointly with WG8 working group). 

Mechanical vibration - Prediction of groundborne vibration arising from rail systems in 

tunnels - Part 32: Measurement of dynamic properties of the ground " ISO/TS 14837-32 

(jointly with WG8 working group). 

 

Membership of committees etc 

 

International Organization for Standardization, TC 108/SC 2/WG8 

British Acoustical Society, Junior Member of Council 1968-71 

Institute of Acoustics, Council member and Honorary Treasurer 1971-1974 

Association of Noise Consultants, Honorary Treasurer 1970-1974, Chairman 2003-2005, 

President, 2006-2008 

Association of Noise Consultants working group on BS 6472, Chairman 

Noise Advisory Council, member, 1970-1980 

"       "       ", Deputy Chairman, Working Group on Noise as a Hazard to Health 

"       "       ", Chairman, Working Group on Noise Monitoring 

Wealden District Council, Member 1995-2003, Leader 1999-2003 

Board of Conservators of Ashdown Forest 1997-2003, 2006- 

Member of Defra project Board for "Research into the human response to vibration in 

residential environments" 2004-2011. 

Director, International Institute of Acoustics and Vibration, 2007-2011, 2012-2016. 

Chair, Membership Committee, International Institute of Acoustics and Vibration, 2010- 



Page 3 of 4 

Member, International Scientific Committee, 21st International Congress on Sound and 

Vibration, Beijing, China 2015. 

Member, International Scientific Committee, 23rd International Congress on Sound and 

Vibration, Athens, Greece, 2016. 

Member, International Scientific Committee, 24rd International Congress on Sound and 

Vibration, London, England, 2017. 

Reviewer, Applied Acoustics 

 

Principal professional experience 

 

Expert witness for Transport for London in Silvertown Tunnel Public Inquiry. 

Expert witness in House of Commons and House of Lords Select Committees on the High 

Speed Rail Bill in the UK Parliament. 

Expert witness on behalf of Heathrow Airport in public inquiry into works to enable full 

runway alternation on easterlery operation. 

Expert witness on behalf od London Borough of Newham in London City Airport Public 

Inquiry 

Expert witness on behalf of Transport for London in Bank Station Capacity Upgrade Public 

Inquiry. 

Expert witness for Transport for London in Northern Line Extension Public Inquiry. 

Expert witness for Transport for London in Victoria Station Upgrade Public Inquiry. 

Expert witness in House of Commons and House of Lords Select Committees on the 

Crossrail Bill in the UK Parliament. 

Expert witness for Transport for London in Camden Town Station Public Inquiry. 

Expert witness in Arbitration proceedings in the International Chamber of Commerce, 

Singapore on behalf of Marubeni Corporation, Japan, in relation to Eiffage -v- Marubeni in 

the matter of Taiwan Taoyuan International Airport Access MRT System Project 

Assistant to Inspector for An Bord Pleanála for Dublin Airport Oral Hearing 

Research contract with Defra on the effects of the planning process on the noise environment 

with regard to human health, faune and the built environment. 

Research contract with Defra for review of existing codes of practice 

Research contract with Department of the Environment, review of PPG24, Planning and 

Noise 

Research contract for Health and Safety Executive, use of audiometry in industry 

Noise mapping of England 

In 2002 the Rupert Taylor practice was awarded a contract, in conjunction with Schal 

International Management Ltd, for the project management of the Government's programme 

to map ambient noise throughout England. 

 

Noise and vibration consultant to the promoters of the following projects: 

 

Associated British Ports, Dibden Terminal 

Associated British Ports, Quay 2005, Hull 

Chelsea Village 

Croydon Tramlink 

Docklands Light Railway, Bank Extension 

Docklands Light Railway, Beckton Extension 

Docklands Light Railway, Lewisham Extension 

Dublin Metro North 
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Edinburgh Tram 

Environment Agency, Maidenhead, Windsor and Eton Flood Alleviation Scheme (Jubilee 

River) 

Land Transport Authority, Singapore, Circle Line, Phase 1 

London Underground Limited, Jubilee Line Extension 

Network Rail Infrastructure plc, Thameslink 2000 

Rugby Cement, Dean Valley, Rochester and Kensworth Quarry 

Stansted Airport Second Runway 

Union Railways Ltd, Channel Tunnel Rail Link 

Wolverhampton Business Airport 

 

Independent Verifier the following project: 

 

Parramatta Rail Link, Sydney 

 

Acoustics, noise and vibration designer of the following projects: 

 

Malmö Citytunnel 

Kowloon-Canton Railway - West Rail project, Hong Kong 

Copenhagen Metro 

New Victoria Theatre, North Staffordshire 

RAK Recording Studios, St John’s Wood 

Heathrow Express 

CrossRail 

Channel Tunnel 

Docklands Light Railway, Beckton Extension 

Development Securities, Paddington Central 

A20 and M20 bridges, Folkestone Channel Tunnel Terminal 

Tsing Ma bridge, Lantau Fixed Crossing, Hong Kong 

East Coast Main Line Mark IV coaching stock 

Class 323 electric multiple units 

Class 465 electric multiple units 

 

Noise and vibration consultant to the planning authority for the following projects: 

 

London City Airport 

Birmingham Airport 

East Midlands Airport 

London International Exhibition Centre 

BAe Filton 

 

Member of environmental assessment team for 

 

New Nanjing Airport, China 

Taipei Rapid Transit Systems, Taiwan 

Seventh Plan Urban and Regional Transport - Thailand 
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	Appendix 7. Reliability of Euro VI Bus Emissions

	Reliability of Euro VI Buses Emissions
	1.1.1   During agenda item 4.8 of the Hearing on 18 January 2017, the Applicant informed the panel that EURO VI buses were delivering real-world reductions in emissions.  This means that the commitment of TfL to use EURO VI or equivalent buses on rout...
	1.1.2 TfL was asked to provide the evidence on which this statement was based.  There are a number of sources that could be cited to support the Applicant’s statement,, but it is considered the most appropriate to cite is the report prepared by TfL in...
	1.1.3 On page 3 of the report, last paragraph it is made clear that “Euro VI has been mandatory for all new heavy duty engines for HDVs and buses since January 2014.”
	1.1.4 On page 10, last paragraph, it states “initial testing by Transport for London (TfL), which has indicated a Euro VI bus to have 98 percent lower NOx emissions than Euro V (down from 9 g/km to 0.2 g/km). This indicates, significantly, that Euro V...
	1.1.5  On page 18, second paragraph, it states “TfL has now tested examples of heavy-duty buses (MLTB cycle) and heavy-duty goods vehicles (TfL Suburban Cycle) at Euro VI. In each case, the results have been impressive, with emissions of NOx significa...
	1.1.6 During the Hearing the Panel also suggested that the Glossary for the updated Air Quality and Health Assessment (REP2-041) might be wrong in relation to buses.
	1.1.7  It is understood by the Applicant that this may apply to the entry on page 15 of that document, reproduced below:
	1.1.8 This entry is incomplete and should read:
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	Appendix 8. Technical Note Air Quality Modelling in Southwark and Lewisham

	LewishamSouthwark Note FINALISED
	1. Introduction
	1.1.1 This note explains the rationale and methodology behind additional air quality modelling that has been undertaken to demonstrate the scheme air quality impacts on the London Borough of Lewisham (LBL) and London Borough of Southwark (LBS) followi...

	2. Rationale for undertaking modelling in LBL and LBS
	2.1.1 At the Issue Specific Hearing (ISH) on air quality, representatives from LBL and LBS indicated that the local authorities were concerned that air quality modelling had not been undertaken in the respective boroughs as part of the work to inform ...
	2.1.2 The Applicant explained that the assessment had been undertaken in accordance with the appropriate guidance, namely the Design Manual for Roads and Bridges (DMRB), the traffic change criteria advocated by this guidance was used to define the air...
	2.1.3 LBL and LBS stated that there is potential for significant effects close to roads that do not meet the traffic change criteria of +1000 AADT/+200 HDV.
	2.1.4 As a result of the concerns, the applicant has undertaken additional air quality sensitivity modelling to predict the impacts at a sample set of receptors along those roads in LBL and LBS with the highest changes in flows as a result of the Sche...

	3. Air Quality Methodology
	3.1.1 The methodology of the air quality modelling is explained in full in the Environmental Statement (AS-022). For clarity it should be noted that the results presented in this note were calculated using model configurations (i.e. model parameters a...
	3.1.2 As stated in section 2 of this document, the decision was made to model the impact of the Scheme at a sample set of receptors in LBL and LBS; specifically adjacent to those roads with the highest increases in traffic flows.
	3.1.3 LBL and LBS had previously stated that the areas of most concern were the A200 Lower Road/Evelyn Street corridor linking Rotherhithe and Deptford. The range in AADT increase on this road was between 500-975. Additionally, the B207 Trundleys Road...
	3.1.4 It should be noted that the largest increase in HDV flow on A200 Lower Road was a total of 75 vehicles, which is well below the DMRB criteria of 200 HDV. On the B207 the largest increase in HDV flow was a total of seven vehicles. These increases...
	3.1.5 Figure 1 highlights the location of these roads and the location of the chosen receptors. This study area is within the borough-wide AQMAs in LBL and LBS. A number of the modelled receptors are located within two Air Quality Focus Areas (AQFAs) ...
	3.1.6 A total of 500 receptors were modelled, these receptors were deliberately chosen at those properties closest to the roads in question. These receptors were typically located within 5-10m of the kerb, and in some case closer.
	3.1.7 As with the rest of the air quality modelling on the Silvertown Tunnel project, the air quality results were generated using ADMS-Roads (v4.0.1.0) dispersion modelling software.
	3.1.8 As the modelled area was outside of that the study area assessed in the ES and Updated Air Quality Assessment, a locally derived road-NOx verification factor of 2.57 was used. This was calculated using the concentrations measured at automatic an...

	4. Air Quality Impacts
	4.1.1 The air quality modelling in LBL and LBS demonstrated that in 2021, NO2 impacts are imperceptible (i.e. a change of 0.4 µg/m3 or less, in accordance with IAN174/13) at those modelled locations along the A200/B207. Table 1 below shows the magnitu...
	4.1.2 The increases of 0.4 µg/m3 are located at receptors within six metres of the kerb and downwind of the prevailing wind direction. One is located on A200 Lower Road, and two are located along the B207 Trundley’s Road/Sandford Street. The respectiv...
	4.1.3 Of the 500 modelled receptors, a total of 29 were found to be in exceedence of the annual mean AQS objective of 40 µg/m3 for NO2. These were primarily located adjacent to A200 Lower Road. The maximum increase at any of the receptors in exceedenc...
	4.1.4 It should be stated that the current assumed year of opening is 2023, therefore total concentrations will be lower than the 2021 concentrations reported in this note.
	4.1.5 The results of the additional air quality modelling show that the impacts at those receptors closest to the roads with the highest change in AADT in LBL and LBS is classified as ‘imperceptible’ in the context of IAN 174/13.   This supports the u...
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	Appendix 9. Circulation of Road Traffic Noise

	CRTN
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	Appendix 10. Indicative Plans for location of High Friction Surfacing and Low Noise Surfacing
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	Appendix 11. Envisaged Construction Techniques, Duration and Hours of Working for Marine Piling

	Marine piling Final draft 27_1
	List of Figures
	1.  INTRODUCTION
	1.1.1 The construction of a temporary jetty has been proposed by the Applicant to facilitate the construction of the Silvertown Tunnel Scheme. If this option is selected by the Contractor, it would be used to assist in the transportation by river of b...
	1.1.2 An envisaged arrangement for the temporary jetty has been used as a basis for the environmental assessment of effects of the jetty’s construction and its operation.
	1.1.3 The arrangement of the jetty, the environmental assessment of its construction, operation and removal, and the measures that have been taken by the Applicant to ensure river users are not unduly affected by it have been separately reported in a ...
	1.1.4 The Examining Authority in written questions, and at the Issue Specific Hearing on the 18 January 2017 has requested that certain information be provided in respect of the marine piling which could be used for the jetty construction.
	1.1.5 The purpose of this technical note therefore is to respond to these requests for information from the Examining Authority through the provision of a high level description of the marine piling works that would be required for the construction of...
	1.1.6 This technical note does not seek to introduce new information into the Examination, but rather to collate and signpost (through Table 1 below) information already made available, in a concise summary form, so as to directly respond to the quest...
	1.1.7 The envisaged methodology described in this technical note has been used as a basis for Scheme environmental assessment. As set out in Chapter 4 of the Environmental Statement, both the jetty design and construction methodology would be refined ...

	2. PILING LOCATION
	2.1.1 The proposed jetty is located on the northern bank of the River Thames within the Scheme’s Order Limits as shown in Figure 1.
	2.1.2 The jetty and associated piling works, will be contained within the envelope for Work 20A as shown in Figure 2.
	.

	3.  ENVISAGED PILING LAYOUT
	3.1.1 It is envisaged that the jetty would comprise a T-shaped structure which would span over the existing river wall. An indicative layout, used for the purposes of assessing the construction impacts, assumes a 60m long by 70m wide jetty, formed of ...

	4. ENVISAGED DURATION AND HOURS OF WORKS
	4.1 Working Duration
	4.1.1 Subject to the appropriate approval of details (under the mechanisms described in 1.1.6) and other tasks being completed (e.g. detailed design, contract procurement, etc.), construction of the temporary jetty is anticipated to take place in the ...

	4.2 Working Hours
	4.2.1 Working hours for construction of the jetty and associated enabling works, would be:
	.


	5. ENVISAGED CONSTRUCTION TECHNIQUE
	5.1.1 This section provides further detail to the information contained in paragraph 4.4.72 of the Construction Method Statement (ES Appendix 4.A [APP-046]0.
	5.1.2 In constructing the jetty, tubular piles in the order of 1 metre diameter would be driven into the bed. The depth of pile penetration is envisaged to be 25m.
	5.1.3 In preparation for the piling operation some dredging and/or localised bed levelling around the jetty head would be undertaken to allow safe and suitable navigation for the vessels using the jetty over the required tidal conditions.
	5.1.4 The exact methods employed to undertake the pile driving operation will be determined by the appointed Contractor. The typical methods expected to be followed by the Contractor are vibration based piling and/or percussive based piling.
	5.1.5 All piling works, whether vibration or percussive based, shall be undertaken in accordance with the controls set out in section of 8.1.1 of the CoCP.
	5.1.6 Table 2 provides the construction techniques typically used for each geological material to be encountered during the piling works as assessed in the Schemes Environmental Statement.
	5.1.7 Figure 4 shows the use of a percussive piling method during the installation of piles for the Emirates Airline that was constructed at a location adjacent to the Scheme.
	5.1.8 Piling works will likely be undertaken from a floating crane barge or a jack-up barge. Adjacent to the river walls, a jack-up barge will be required due to the fact there will only be sufficient water for a crane barge to operate 3 hours either ...
	5.1.9 The piling works may also be installed progressively outward from the foreshore eliminating the need for jack-up barges and crane barges, however, this is viewed as less likely as it would require the contractor to strengthen the river walls adj...

	6. DISMANTLING AND REMOVAL
	6.1.1 The steel tubular piles would be removed in their entirety. The piles would be removed using a pile extraction hammer supported from a crane. The crane would sit on a jack up barge.
	6.1.2 In the unlikely event that one or some of the piles could not be extracted using conventional techniques, piles would need to be cut or burnt off at a level that is agreed with the PLA (assumed to be cut off 1m below river bed level). This would...
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	Appendix 12. Technical Note Assessment of Jetty Pile Scour in the Nearshore

	DCO Technical Note Jetty_Scour Final
	1. Introduction
	1.1.1 This Technical Note sets out the findings of an assessment of jetty pile scour, to determine any destabilising impact on existing structures.
	1.1.2 The assessment has been based on simulated scour depth and extent around the jetty pile located in the closest proximity to the river bank. The relevant jetty pile and existing structures are illustrated in Figure 1-1.
	1.1.3 The shoreline in the vicinity of the nearshore jetty piles is made up of a sheet pile retaining wall. Figure 1.1 shows the jetty piles constructed in the river. To prevent loading of the sheet piled river wall, the jetty will bridge over the riv...
	1.1.4 Mean spring tide and high river flow conditions have been assessed to show the maximum potential scour depth and extent. Water level, U and V components of velocity and river discharge are imposed at the model boundary, derived from the HR Walli...

	2. Scour Assessment Method
	2.1.1 The method of calculating scour depth evolution around the nearshore jetty pile follows the previous assessment of scour around the piles of the approach jetty and jetty head, which is to apply the Whitehouse (1998) formula for time dependent sc...
	Where:
	Where:
	,𝑇-∗.=,𝛿,𝜃-−2.2.-2000𝐷.    (3)
	2.1.2 The equation for the equilibrium scour depth Se is given by:
	,𝑆-𝑒.=1.5,𝐾-1.,𝐾-2.,𝐾-3.,𝐾-4.𝐷,tanh-,,ℎ-𝐷...  (4)
	2.1.3 Previous studies have shown that as the clay content of the sediment increases, the scour depth ratio (S(t)/D) decreases. The sediment clay content can be represented by the use of a reduction factor multiplier on the scour depth, where a reduct...
	,𝐾-𝑐𝑐.=,1-,,1+𝐶.-2..    (6)
	2.1.4 This reduction factor reduces scour depth in a mixed sand-clay sediment type by approximately 70%, assuming an 78% clay content, as seen in the vibracore sediment samples for the Silvertown Jetty. The Cefas particle size analysis for the closest...

	Fine sand and very fine sand (%)
	Medium sand (%)
	Very coarse and coarse sand (%)
	Silt/Clay (%)
	Sand (%)
	Gravel (%)
	Sample Description
	Laboratory Sample Number
	10.67 
	0.36 
	0.00 
	88.97 
	11.03 
	0.00 
	VIB 01, 0.5m 
	2016/27584
	11.68 
	0.23 
	0.00 
	88.09 
	11.91 
	0.00 
	VIB 03, 0.5m 
	2016/27585
	21.63 
	6.41 
	0.77 
	71.04 
	28.82 
	0.14 
	VIB 04, 0.75m 
	2016/27586
	13.40 
	2.24 
	0.07 
	84.20 
	15.71 
	0.09 
	VIB 04, 1.5m 
	2016/27587
	15.36 
	0.67 
	0.08 
	83.89 
	16.11 
	0.00 
	VIB 05, 1.0m 
	2016/27588
	20.48 
	0.44 
	0.03 
	79.05 
	20.95 
	0.00 
	VIB 05, 1.8m 
	2016/27589
	10.69 
	0.39 
	0.07 
	88.78 
	11.15 
	0.07 
	VIB 06, 0.5m 
	2016/27590
	3. Scour Assessment Results
	3.1.1 Figure 1-2 shows that the maximum simulated scour depth for mean spring tide and high river flow conditions is calculated to be 0.46m. The lateral extent of the scour around the jetty piles is a function of scour depth and the angle of repose of...
	Effects of construction, installation, and operation of the jetty
	3.1.2 Driving the tubular piles for the jetty will lead to groundbourne vibrations. However, this is not likely to result in any significant effects on the river wall as the piles are some distance away from the sheet piled river wall.
	3.1.3 With regard to scour from vessel movements, at the temporary jetty, the propellers of tugs and bulk carriers will disturb sediment, but the effect will be local to the jetty head and would not extend back to the river wall. At the NAABSA berth, ...


	4. Conclusions
	4.1.1 Using the simulated current speed at the nearshore jetty pile, with mean spring tide and high river flow conditions, shows that the predicted scour depth is 0.46m with a corresponding lateral extent of 1.61m. It is important to note that the max...
	4.1.2 The resulting lateral extent of scour around the nearshore jetty pile will be oval in shape, where the maximum scour extent of 1.61m will alternate between upstream and downstream positions of the jetty pile. Therefore this reduces the impact th...

	5. References
	5.1.1 Harris J M., Whitehouse R. J. S., Benson T. (2012). The time evolution of scour around offshore structures – the scour time evolution predictor (STEP) model. HR Wallingford Ltd.
	5.1.2 Whitehouse, R. J. S. (1998). Scour at marine structures: A manual for practical applications. Thomas Telford, London, p198.
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